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chloride, mercury chloride, and platinum chloride. were unable find any other published data com- 
pounds the metals with selenourea. could not find information the use selenourea analytical che- 
mistry Selenourea, however, our experiments showed, forms stable complexes with heavy metals just 

thiourea does. The selenourea complexes formed with antimony, bismuth and number other metals, while 
being more intensely colored than the corresponding thiourea complexes, are also more stable. Results are given 
the present article studies the interaction selenourea with cations, and also the study 

the composition and stability bismuth selenourea complexes. 


Study the Behavior Selenourea Toward Heavy-Metal Cations 


atmospheric oxygen, particularly solution and the light, necessary keep the solid state, and, es- 
pecially, store flasks dark glass with close fitting stoppers. Neutral and alkaline solutions selenourea readily 
decompose the air with deposition selenium. Acid solutions selenourea store fairly well for long time; 
thus, selenourea nitric acid only starts break down appreciably standing the air. Such 

solution suitable for qualitative reactions for 4-5 hours. For the work carried out, used solutions se- 
lenourea dilute nitric acid. 


solutions heavy-metal salts were prepared. The solution the metal salt was then allowed 
react with the selenourea solution and the external effects observed. The following results were 


complex had yellow color. 


THE USE SELENOUREA ANALYTICAL 


THE BEHAVIOR SELENOUREA TOWARD THE CATIONS THE HEAVY METALS AND 
THE COMPOSITION AND STABILITY THE SELENOUREA COMPLEXES BISMUTH 


Kiev State University 


Verneuil was the first prepare selenourea 1886; obtained compounds selenourea with silver 


Selenourea was synthesized according Since selenourea readily oxidized 


The behavior cations toward selenourea was studied follows: 0.4 solution sele- 


rose-colored precipitate was formed which was soluble water. The aqueous solution had red- 
dish yellow color. 


white precipitate soluble excess reagent was formed. 


soluble, yellow-colored precipitate was formed; when excess reagent was used,a soluble complex 
with red color was formed. 


white precipitate soluble excess reagent was formed. 


black precipitate which was obviously mercury metal was formed. 


crystalline, pale yellow precipitate was formed which was insoluble excess reagent. 


white precipitate soluble excess reagent was 


pale-yellow, crystalline precipitate was formed which was soluble excess The soluble 


4, 


soluble complex with yellow color was formed. 
color intensity was considerably greater than the case tin. 


soluble compound with weak yellow color was formed. 


black precipitate was formed which was readily soluble excess reagent give red-colored 


precipitate with dirty yellow color was formed; this was soluble excess reagent. 


This was reduced molybdenum biue. 
This was reduced quadrivalent vanadium; the solution was blue. 


This was reduced tungsten blue. 


During the interaction selenourea with the ions divalent iron, chromium, nickel, 
manganese, cadmium, and zinc, external effects could observed. 


order establish the stability the selenourea complexes silver, copper, and mercury, experiments 
were carried out the solubility certain sparingly soluble salts silver, copper, and mercury solution 
selenourea. Experiments showed that the ions silver, univalent copper, and divalent mercury readily dissolve 
the selenourea solutions; this indicates high stability for their selenourea complexes. Bismuth forms two com- 
plexes which are readily distinguished from each one with yellow color when there small excess 
selenourea, and the other with red color when large excess selenourea 


Study the Composition the Selenourea Bismuth Complexes 


The composition the bismuth selenourea complexes was determined means the Ostromyslenskii 
Job method [2, The property the system studied was the optical density the clear from 
Fig. that best study the composition the bismuth selenourea complex the spectrum region 400 
530 since all the remaining components the system being studied, with the exception the bismuth se- 
lenourea complex, only exhibit weak absorption this region. 0.02 solutions selenourea and bismuth nitrate 
were prepared order determine the composition the complexes. The nitric acid concentration both 
solutions was The solutions were mixed 
various proportions that the total volume the so- 
lutions was constant, and the optical density was measured 
405 and 510 The optical density the solution 
405 characterizes the formation the yellow com- 
plex, while that 510 characterizes formation the 
red complex. The results experiments carried out 
405 are represented Fig. while those 510 
are given Fig. obvious from Fig. that the 
yellow bismuth selenourea complex formed ratio 
bismuth selenourea 1:9. Fig. shows that the 
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Fig. Light-absorption curves 


spectrophotometer) 

Selenourea; nitric acid; bismuth 
nitrate; bismuth selenourea complexes; 
3500-fold excess selenourea, the re- 
ference solution contains the same amount 
selenourea. The molar extinction coeffi- 
cient the bismuth selenourea complex 
plotted along the ordinate, starting from the 
left, while the molar extinction coefficients 
for all other solutions are plotted the 
ordinate starting from the right. 


red bismuth selenourea complex formed bismuth 
selenourea ratio The sharp break the left- 
hand side the curve from the maximum (Figs. and 
indicates that lower ratios selenourea and bismuth 
there are formed weakly colored complexes with smaller 
coordination number. The experiments carried out 
showed that the red bismuth selenourea complex only 
tions the reactants not less then 0.2 
lower concentrations, formation yellow-colored com- 
plexes occurs. order explain the nature the 
formation the complexes, absorption curves were also 


prepared for mixtures solutions bismuth nitrate and selenourea. evident from Fig. that for ratios 
bismuth and selenourea ranging from 1:1 1:10, only one maximum appears the ultraviolet region. 


Fig. Composition light-absorption Fig. Composition light-absorption 
curve for the yellow bismuth selenourea curve for the red bismuth selenourea 
complex. The ratio the volumes complex. The ratio the volume 
0.02 the reactants 0.02 solutions the reactants 
plotted aiong the abscissa. plotted along the abscissa. 


Fig. curves for bismuth selenourea complexes for 
various ratios bismuth and selenourea, 


ratio bismuth selenourea 1:12, second maximum appears 510 mp. The diffuseness the maximum 


the ultraviolet region can explained the formation bismuth selenourea complexes with different co- 


ordination number, and, addition, the presence free selenourea,which absorbs the ultraviolet. Free 
lenourea present solution result the dissociation the bismuth selenourea complexes. 
Study the Stability Bismuth Selenourea Complexes 


The stability bismuth selenourea complexes great importance for characterizing the conditions their 
formation, and also for their application analysis. 


Formation the yellow bismuth selenourea complex can represented follows 


colorless yellow 


Here and henceforth Sem will denote CSe 


~ 
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a 
N 
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while formation the red complex can represented 
the schemes 


yellow red 


The instability constants the complexes will accordingly 


[Bi 


Kred 
[Bi 


(4) 


The extent which bismuth complexed the yellow 
and red complexes depends the selenourea concentra- 
tion. 


used optical method for determining 
the numerical values the instability constants the 
yellow and red bismuth selenourea complexes. For this 
purpose, series solutions was prepared which the 
concentration the bismuth salt was constant and equal 
mole/ liter, while the selenourea concentration 
was increased continuously; optical density the solu- 
tions obtained was measured 405 and 510 sele- 
nourea solution the same concentration was introduced 


into the cuvette used for comparison. Thus, the selenourea 


concentration the test solution and reference solution 
was the consequently, the optical density found cor- 
responds the yellow and red bismuth complexes formed. 


The results obtained are presented the table and 
Fig. The concentration selenourea used given 
column while columns and contain the values 
for the optical density the solutions 405 and 
510 column contains the values 
for the negative logarithm the selenourea concentration 
columns and give the respective concentrations the 
yellow and red selenourea complexes; columns and 
contain the values the negative logarithm the ratio 
the concentrations the corresponding complex, and 
the concentration the bismuth which has not 
gone into the corresponding complex. 


the basis equation (3), the concentration 
the yellow bismuth selenourea complex can expressed 


[Bi 


Taking logarithms for this equation, gets 
log yellow complex (6) 


When large excess selenourea taken, then shift- 


ing the equilibrium (1) and (2), selenourea concentration hardly changes all. Further, the concentration 
the colorless complex [Bi Sem practically equal the between the total concentration bis- 
muth and the concentration the yellow complex [Bi 


Substituting this value equation (6), get 


[Bi 

differentiating this equation, gets 

[Bi 


Similarly, for the case formation the red complex, equation (4) can transformed into equation 
[Bi 


log 


log 


The concentration the yellow complex equal the product the total (initial) concentration bismuth 
mole/ liter) and the ratio Where the measured value the optical density 405 mp, 
for different excess selenourea, the optical density the solution for selenourea concentration 
which corresponds complete complexing the bismuth the yellow 


the same way, the concentration the red complex can calculated means the equations 


where the measured value tue optical density 510 for different excess selenourea, and 
the optical density the solution concentration selenovrea which corresponds practically com- 


plete complexing the the red complex. 


Equations (8) and (9) correspond the equation for straight line. When the values the negative logarithms 
the selenourea concentration and the respective ratios the concentration the complex the concentration 
free metal ions ‘are plotted the same scale graph, the slope the straight line the case the yellow 
complex will have the value_m, while the the straight line the case the red complex will equal 


The tabulated results are plotted graphically Fig. for the yellow complex, and Fig. for the red 
complex. 


Curves and Figs. and correspond values for and and while the points denote 
the values obtained experimentally. can seen from Fig. the selenourea concentration affects formation 
the yellow complex the first degree. According Fig. evident that the square the concentration 
affects formation the red selenourea complex. 


Taking into account that has been said above, and also the composition optical density curves (Figs. 
the equations formation colored bismuth selenourea complexes, obviously, can de- 


picted 


yellow 


BiSe 
weakly 
colored 


yellow yellow 


yellow red 
from which 

[Sem 
Kyellow complex (15) 
clear from equation (15) that when half the bis- 


muth has been bound the yellow complex, the numeri- 
cal value the instability constant the yellow com- 
equal the concentration excess selenourea. 
Equation (16) shows that when half the bismuth has been 
bound the red complex, the numerical value the in- 
stability constant the red complex equal the square 
the concentration excess The concentra- 
tion excess selenourea readily found from the curves 
Fig. When half the bismuth has been bound the 
yellow complex, the optical density the solution 405 
will equal half the optical density solution 
which the almost compietely bound 

the yellow complex. From Curve Fig. clear 
the optical density the solution this point will 

equal 0.61. This value the optical den- 


-- 


bismuth moles/ liter, while the approximate numeri- 
Fig. Relation between optical density cal value the instability constant the yellow complex 
solutions bismuth selenourea com- will obviously equal 
plexes and selenourea concentrations 

complex 510 


curve Fig. similarly, can find the excess selenourea when half the bis- 
muth has been bound the red complex. This concentration equal liter, while the approximate 
value the instability constant the red complex will equal toz 


The value the instability constant the yellow bismuth shows that the bismuth selenourea complex 


more stable than the corresponding thiourea complex, the numerical value whose instability constant equal 


follows from this that selenourea forms comparatively stable intensely colored cumplexes with bis- 
muth, which can used for the qualitative detection and for the photometric bismuth. The sen- 
sitivity the reaction for bismuth 2.5 Bi/ for the red complex, and for the complex. 


a2 - 


126 
Fig. Effect excess selenourea Fig. Effect excess selenourea the 


the formation the yellow bismuth formation the red bismuth selenourea 
selenourea complex complex 


SUMMARY 


study has been made the qualitative reactions heavy-metal cations with the course 
this study has been found that bismuth, antimony, tin, arsenic, gold, and palladium give with 
selenourea. Characteristic insoluble compounds are formed lead ions, and also, high concentrations, ions 


trivalent iron; copper, divalent mercury, and silver form colorless complexes which readily dissolve water, 
These highly stable. 


The composition and stability bismuth selenourea complexes have been investigated. has been shown 
that bismuth forms two colored complexes yellow complex ratio bismuth selenourea 
1:9, and red complex ratio bismuth selenourea 1312. 


The stability the bismuth selenourea complexes are characterized the following approximate values 
for their 


red complex 


The sensitivity the reaction for bismuth with selenourea based formation the red complex 2.5 
Bi/ ml, while the sensitivity is1 Bi/ when formation the used basis. 


The sensitivity the reaction for bismuth using selenourea reagent higher than when thiourea used. 


LITERATURE CITED 
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[2] Ostromyslenskii, Ber. 44, 268 (1911). 
Job, Ann. chim. 113 (1928). 
Babko, Gen. Chem. 17, 642 (1947). 
Babko, Gea. Chem. 16, 968 (1946). 


Received November 14, 1956. 


is) +o 
T 
ff 4 
y 


LIGHT EXTINCTION 


Moscow Engineering Physical Institute 


mide. 


(Determination the Composition the Precipitates) 


was 0.02 all mixtures. 


TABLE 


TABLE 


Extinction the System 


KBr 
AgNO, 


tion coefficient 


practically the same extent both sides the equivalence point. 


Tananaev and Ia. Kogan 


extinction 


0.4 
0.5 0.48 25.4 0.5 
0.8 0.39 41.5 0.8 

7.5 


STUDY THE FORMATION SILVER CHLORIDE AND SILVER BROMIDE 


previous article [1] published results study various systems containing silver the 
extinction method. was shown then that there relation between the solubility suspensions and 
extinction. The present article contains results similar study carried out with silver chloride and bro- 


These systems were studied the method isomolar series. The sum the molar concentrations AgNO, 

the present instance gelatin was used for stabilizing the degree dispersion the precipitates AgBr 

and AgCl,which changes rapidly with time, with consequent changes light extinction. The amount gelatin 


Extinction the System 


extinction 
coefficient 


can seen from the measurements for the light extinction mixtures, which are given inTables and 
and depicted Figs. and the light-extinction maximum the suspensions found the composition ordi- 
nate points corresponding ratio equal 1(X Br, Cl). Worthy attention the fact that 
the curves both sides the maximum are arranged practically symmetrically, and intersect each other 
acute angle. obvious that for the concentrations used, the degree dispersion the precipitates changes 


The results obtained once again testify the possibility determining the composition 


the light-extinction method, even when the degree dispersion the precipitate not constant result 
the predominating effect the light extinction the amount the mass precipitate. the vari- 
ability the degree dispersion should not exceed the limits certain values. 


The Systems and 


The systems AgBr KBr H,O and AgCl H,O were studied from the same point view the system 
with the aim establishing the effect which might shown and fons the light ex- 
tinction AgBr and suspensions, since these fons are known exhibit dissolving the appropriate 
concentrations) with respect silver bromide and silver chloride. The concentration was constant all 
experiments, and was equal mole/ liter, while the concentrations KBr and were changed, the case 
mixtures with from 1.2 mole/ liter, and for mixtures with from 2.4 mole/ liter. 


Fig. Extinction the system Fig. Extinction the system 


can seen from the results measurements the light extinction the mixtures,which are given 
Tables and and Figs. and increasing the concentration Br~ and icns certain point leads 
increase extinction, this increase, the case the system which studied, being 


TABLE TABLE 


Extinction the System Extinction the System 

(constant concentration (constant concentration 


excess coefficient 


| 
| 
3.76 
3.76 
-234.00 
0.53 200.00 
37.60 


the almost identical shape the The maximum value the extinction, all three cases, 


the region bordering the values for excess potassium halide namely within the limits 
mole/ liter. 


The relation which exists between the solubility 
and the extinction its suspensions, confirmed 
the diagram for the solubility solution 
which adduce; this diagram based results obtained 
and Leden who used radioactive silver 
for their work. evident from Fig. the solubility 
mole/ liter does not change significantly, higher NaCl 
concentrations, the solubility silver choride increases 
sharply; accordance with this, extinction suspersions 
AgCl increases also. Obviously, the coarsening 
suspensions, which necessary for attaining maximum 
value for the extinction, occurs each individual case 
definite value for its solubility. Further increases 
the solubility the suspension lead such increase 
particle size that its exinction passes through 
essential point out that the strong increase ex- 
concentration range NaCl where there strong in- 
Fig. Extinction the system crease its solubility (from mole 


comparing the values the molar extinction 
coefficient the maximum for the system under discussion (at 0.1 and 0.2 mole/ liter), one can see that, despite 


certain decrease the amount solid phase second case, the value the absorption remains 


the result increase the solubility the suspension. comparing the results obtained for the systems 
AgBr KBr H,O and with the results for the corresponding system with striking feature 


mole/ AgCl 10° 


practically the same. Consequently, the decrease the amount solid phase, this case, compensated 
the excess the increase extinction result coarsening the particles. This also observable for ex- 

tinction values KCl. According the results the authors quoted above, 

the solubility AgCl NaCl concentrations mole/ liter, equal 0.2 mole/ liter; consequently, 

the original amount the system remains the solid phase. Nevertheless, the molar extinction 

coefficient decreases its maximum value (124 instead 143). Thus, even for this value the solubil- 

ity the coarsening the particles the precipitate continues predominate over the effect the 


TABLE dissolving the precipitate (or, least, still compensates 
for decrease extinction the result the dissolving 
the AgCl). Naturally, when even more dissolves, 
the decrease the amount solid phase must, the 
final count, result drop extinction right down 
zero 


Extinction the System 
(AgBr concentration mole/ liter) 


Molar ex- 
tinction 
coefficient 


No. ex- 
periment 
order 


From what has been said, becomes evident that 
the view advanced Tananaev regarding the nature 
the change extinction accordance with the solubi- 
lity the solid phase (coarsening and dissolving the 
precipitate), confirmed the given actual system 
Unfortunately, there only number 
instances studies the solubility very sparingly 
soluble precipitates under conditions which could taken into account when the question considered simi- 
lar fashion the above. 


The System 


This system was studied with the aim establishing the effect solvent light extinction 
suspensions silver bromide. consequence the greater silver bromide ammonia compared 
with that silver iodide ammonia, would natural assume that for equal content the solid-phase 
and respectively, the concentration ammonia necessary for attaining maximum light extinction will 
less the system AgBr than the corresponding system H,O. This was confirmed 


experimentally. 
measured extinction mixtures containing equivalent 
amounts and KBr mole/ liter, and conse quently 
mole/ liter AgBr, and varying amounts ammonia. 


From the results given Table and Fig. evi- 
dent that the given system there occurs sharp increase 
extinction the suspensions addition ammonia. addi- 
tion, the result the differences solubility AgBr and 
Agl ammonia, nuinber are observed, 
namely: the maximum for extinction attained for 
the system concentration 0.1 mole/ liter 
ammonia, while for the corresponding system the ammo- 
centration the test system from 0.1 0.4 mole/ liter leads, 
fact, complete solution AgBr and zerc the 
mole/ liter content from moles/ liter does not show any essential effect 
Fig. Extinction the extinction suspensions. The maximum value the 
molar extinction coefficient also different the systems indi- 
system 
liter. cated (215 for AgBr and 248 for can 
found for the fact that for AgBr suspensions, maximum value 
the molar extinction coefficient, contrast suspensions, achieved the system and 
not the system 


The System 


This system was studied, like the corresponding system with order establish the nature the effect 
excess Ag* ions the presence ammonia extinction AgBr suspensions. 


out two series experiments. the first series the concentration excess silver nitrate was 
mole/ liter, while the second series was mole/ The remaining conditions were the 
same those used the previous system can seen from the results given Table and 


| 


and Figs. and the nature the light extinction curves for AgBr suspensions remains the same the 
case where there excess Extinction both cases increases with increasing concentration, passes 
through maximum and then decreases one would expect, the region occupied the maximum ex- 


TABLE TABLE 
Extinction the System Extinction the System 


Molar 
extinction 
coefficient 


extinction 
coefficient 


pands significantly the presence and more significant the greater the excess silver nitrate. 
accordance with this, the point which practically the whole the precipitate dissolves shifted the right 
the region the higher ammonia concentration; the first instance (for excess shifted from 


mole/ liter mole/ liter 
Fig. Extinction the system Fig. Extinction the system 


comparing the results obtained during study the systems and AgBr— 
which the concentrations the solid phase and excess silver nitrate were the same Br= mole/ 
extinction suspensions AgBr and while extinction AgBr practically zero concentration 
0.7 mole/ liter, extinction becomes maximum only and practically remains unchanged 
even increasing the ammonia concentration This fact indicates that should possible 


0.04 0.55 207 0.04 0.53 200 
0.10 0.59 222 0.10 0.57 215 
0.20 0.60 226 0.30 0.58 219 
0.30 0.55 207 0.50 0.52 196 
0.50 0.38 143 0.70 0.35 124 
0.70 0.03 1.00 0.02 


out phototurbidimetric determination fodides the presence bromides. example the practical 
use such possibility measured extinction mixtures containing liter bromide and 
0.58, i.e. almost the same for the same amount silver iodide the absence silver 


Phototurbidimetric Determination Silver Means Calibration Curve 


preparing the system found that the presence excess KBr concentration 
approximately 0.1 mole/ liter, there was sharp increase extinction AgBr suspensions. Taking account 
these conditions, made attempt carry out phototurbidimetric determination silver means 
calibration curve. 


TABLE 


Phototurbidimetric Determination 
Silver 


8.4 


Fig. Calibration curve for phototurbi- 
dimetric determination silver means 
KBr. 


The same amount KBr was added the cell each time that its concentration the final volume was 
mole/ liter; was then added, with stirring, varying amounts from experiment experiment, 
The total volume the mixtures all cases was ml. Results extinction mea- 
surements served basis for construction calibration curve (Fig. 9). 


Using this calibration curve the content silver solutions with unknown amount silver was determined. 
The accuracy the results thus obtained (Table proved completely satisfactory. 


SUMMARY 


Using the light extinction method the following systems have been studied KBr 
been shown that these systems, the composition the precipitate can determined 
perty diagram. has been established that there close relation between the solubility the precipitate and 
the extinction produced its has been shown that increases the solubility AgBr suspensions 
certain extent, can used for increasing the sensitivity phototurbidimetric determinations silver con- 
siderably. The molar extinction coefficients AgBr and have been determined. 
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AND DIARYLDITHIOPHOSPHORIC ACIDS ANALYTICAL 
REAGENTS 


COMMUNICATION DETERMINATION PALLADIUM MEANS NICKEL POTASSIUM 
DIALKYL AND 


The Lomonosov Moscow State University 


Palladium ions form sparingly soluble compounds with dialkyl- and diaryldithiophosphates Although 
these reagents precipitate other elements the platinum group, nevertheless, creating certain conditions and 
using complexing agents, possible determine palladium readily means diethylphosphoric acid the 
presence platinum, iridium, and also the presence number base elements. 


date considerable number methods have been published for the gravimetric, titrimetric, and photo- 
metric determinations palladium. Palladium has been determined gravimetrically means dimethylglyox- 
ime [2-6], [6], salicylaldoxime[6, 7}, 8], 
furiidioxime [7, 1,2-cyclohexanedionedioxime [10], and 1,2-cyclohexanedionedioxime 
azole [14], phenylthiourea, thiophenol, and thiobarbituric acid [15], and substituted aniline acids Palladium 
has been precipitated and weighed palladium bis-ethylenediamine tetraiodomercuriate the sulfide 
and other forms. Palladium has been determined indirect complexometric method titration 
with potassium iodide 24], and with other [25 28]. Palladium has been determined photometrically 
means iodide [29 bromide thiocyanate [33, 34], methylglyoxime [5, 35, dimethylglyoxime 
nitrosonaphthol [39], reagents containing the p-nitrosophenylamino group [40, 41, thiourea [43], 2-mercapto- 
-4,5-dimethylthiazole [44], disodium and formation purpurate 
[46], etc. critical discussion photometric methods determining palladium can found the article 
Beamish and McBryde [47]. Information other methods for the quantitative determination palladium 
found number reviews [48 51). 


Most the methods determining palladium have not found wide use practice because they are not selec- 
tive enough, the organic reagents are not readily available, because the complexity the techniques in- 
volved. The most frequently used method precipitation with dimethylglyoxime, When, however, platinum 
present (the element which accompanies palladium most often), this simple and accurate method can only yield 
accurate results strict adherence the specified conditions. pointed out Gillebrand and book 
that dimethylglyoxime partially precipitates platinum the solution heated. Many the methods de- 
termining palladium presuppose preliminary separation palladium from platinum and other elements, and this 
course means complications. 


mixing solutions palladium chloride with nickel dimethyl- diethyldithiophosphate, there formed 
yellow-orange, finely crystalline precipitate, which insoluble, even concentrated strong acids (hydrochloric, 


For Anal. Chem. 11, 523 (1956) and for No. see Bull. Moscow State University, No. 177 
(1957). 


sulfuric). The precipitate can readily filtered and centrifuged. Washing the not accompanied 

peptization. The precipitate readily soluble organic solvents (chloroform, carbon tetrachloride, diethyl 
ether) forming yellow-orange solutions. The sensitivity detection palladium with 0.005 solution nickel 


Palladium dimethyl- and diethyldithiophosphates are negligibly soluble. After precipitation palladium, 
the latter cannot detected the centrifugate either potassium iodide dimethylglyoxime. Thus, palladium 
precipitated quantitatively the dithiophosphates. interesting note that dimethylglyoximate, 
the form aqueous suspension (pH 3-4) slowly changes into palladium diethyldithiophosphate nickel 
diethyldithiophosphate room temperature. The same occurs the case palladium and the soluble 
dide complex palladium, which regarded one the most stable compounds palladium. However, dialkyl- 
and diaryldithiophosphoric acids not precipitate palladium from alkaline solutions containing excess cyanides. 
| 


Palladium which has been washed with water and dried air constant weight 


has sharp melting point 119°. Recrystallization from acetone does not affect the melting point, indicating 
the purity the compound obtained. 


demonstrated the present article that possible use dialkyl- ana diaryldithiophosphoric acids 
solving problems the analytical chemistry palladium. 


the Reaction between Palladium Ions and Dialkyl- and Diaryldithiophos- 
phates and the Properties the Palladium Compounds Formed 

| 

| 


Palladium solutions were prepared dissolving its chloride 0.1 


Two solutions which were standardized means the dimethylglyoxime method were found contain 
0.00283 and 0.00276 Pd/ ml. More dilute solutions palladium chloride were prepared diluting the original 
solutions (in 0.1 with water, and, some cases, with 0.1 HCl. 


The dithiophosphoric acids (dimethyl-, diethyl-, diisobutyl-, diphenyl- and dibenzyldithiophosphoric acids) 
were used the nickel salts. Doubly recrystallized nickel diethyldithiophosphate has melting point 
Diethyldithiophosphoric acid was also used its potassium salt. The solutions were standardized addition 
standard iodine, and excess the latter titrated with thiosulfate. 


Chloroform and carbon tetrachloride were purified the usual methods. the other reagents used (po- 
tassium iodide, sodium bisulfite, etc.) were analytical grade materials chemically pure grade materials, and 
were not purified further. 


Photometric measurements the ultraviolet and the visible were carried out the SF-4 spectrophotome- 
ter using hydrogen lamp filament lamp. The layer thickness the quartz cell was always 10.01 mm. The 
setup for amperometric titration with rotating platinum electrode was assembled usual. 


Quantitative Study the Reaction between Palladium Ions and Diethyldithiophos- 
phate 


Visval Titration. Onaddition aqueous solution intensely red colored so- 
lution the iodide complex palladium, the latter decolorized and yellow precipitate formed. The re- 
action proceeds quantitatively and practically instantaneously the cold. The reaction end point fixed fairly 
definitely change color produced addition one drop reagent solution. 


Palladium chloride solutions were titrated follows. known volume standard palladium solution 
was added crystalline potassium iodide until the precipitate palladium iodide which originally separated out, 
had dissolved, and intensely colored, transparent was formed. The solution prepared this way was 
titrated from with solution until the red-brown color precipitate and 
solution had changed yellow addition one drop titrant. The results obtained are given Table The 
end point (color change) during titration was observed molar ratio PdCl, 


Amperometric Titration. Dialkyldithiophosphate anions are oxidized the dropping mercury electrode 
and the rotating platinum micro anode [53]. The half-wave potential relative the saturated calomel 


electrode +0.697 volt the case the platinum micro electrode solution sodium diethyldithio- 


phosphate 0.1000 perchloric acid was electrolyzed). linear relation observed between the concentration 
dithiophosphate ions and the diffusion current. 


TABLE 


Determination Molar Ratios During Interaction 
PdCl, with Visual Titration 
3 


0.50 0.0132 
0.0269 

0.0400 

0.0535 


Palladium diethyldithiophosphate was titrated am- 
perometrically with rotating platinum micro anode 
potential +0.8 volt relative the saturated calomel 
electrode supporting electrolyte 0.1 HCl. Divalent 
palladium ions are not oxidized this potential the 
quadrivalent state. The titration curve the usual form 


(Fig. 1). 
The intersection point the two branches the 


curve obtained amperometric titraticn (Table cor- 

Fig. Amperometric titration responds molar ratio PdCl, 

palladium ions with nickel diethyl- 

palladium chloride and nickel diethyldithiophosphate 

were mixed known pronortions, compounds formed 
were then extracted with three lots carbon tetrachloride 
10, and respectively. The combined extracts 

the next separating funnel were washed with equal volume water NaOH remove any possibie 
excess nickel diethyldithiophosphate diethyldithiophosphoric acid, which interfere with photometric determi- 
nation the palladium complex. was established special experiments that one washing with NaOH 


TABLE 


Determination the Molar Ratios during Interaction 
Titration 


Solution taken Used amount 


serves transfer the nickel diethyldithiophsophate practically completely into the aqueous phase, while all the 
palladium diethyldithiophosphate remains the organic phase. The washed extract was filtered through dry 
filter paper, and the filtrate diluted standard flask the mark with the organic solvent. The optical 


INS 
4.00 
0.99 
0.98 
0.99 
- 0.99 
\ 


density the extract was measured spectrophotometer 295 (maximum absorption for palladium diethyl- 
dithiophosphate occurs this wave length). 


TABLE 


Spectrophotometric Determinationof the Composition Palladium 


dithiophosphate 
Used amount 
solution taken 


0.50 
3.00 0.000795 1.00 
3.00 0.000795 1.50 
3.00 0.000795 2.00 
2.80 0.000743 2.00 
2.20 0.000582 2.00 
1.20 0.000340 2.00 


From the results given Table and reproduced Fig. clear that maximum absorption corresponds 


ratio Which approximates unity. Thus, under the conditions used, com- 
pound again formed whose composition corresponds the formula },Pd. 


Chemical Analysis, Visual and amperometric titration, well spectrophotometric methods, monstrated 
that palladium chloride and diethyldithiophosphate inter- 
act molar ratio 1:1. Nevertheless, these methods 
not solve the question the content palladium 
the palladium compound formed, which may contain water 
crystallization. Consequently, palladium was determined 
gravimetrically the precipitate. (Table 4). The filtered 
and well-washed precipitate obtained adding excess 
nickel diethyldithiophosphate solution palladium 
chloride was dried air constant weight. Purity was 


the precipitate prepared this way was oxidized with 
Fig. Spectrophotometric determi- regia heating. After removal most the acid 
nation the composition palladium evaporation, water was added the residue, and the 
diethyldithiophosphate. solution made weakly acid. Palladium was then precipitated 


the dimethylgyoximate which was weighed after the 
necessary treatment. 


The mean three determinations (22.9%) corresponds, within the limits experimental error, with the 
calculated content (22.4 based the fomula 


TABLE 


Determination Palladium the Precipitate Micro 
Gravimetric Method 


0.01635 0.01210 
0.03610 0.02635 
0.02007 


Optical 
density 
0.000252 3.15 0.175 
0.000504 1.58 0.527 
0.000756 4.05 0.850 
0.785 0.920 
0.001008 0.860 
0.001008 0.578 0.675 
0.001008 0.337 0.430 
0.00383 23.4 
0.00835 23.2 
0.00622 22.0 


The agreement between the calculated and experimental values for the palladium content indicates that 
the precipitate which has been dried air does not water crystallization, and has the fomula 


Thus, these various methods show that palladium chloride reacts with nickel 


There reason for assuming that other soluble dialkyl- and diaryldithiophosphates will react otherwise with 
palladium ions. 


The constancy the composition the precipitate obtained under different conditions, well the quanti- 


tative precipitation palladium, permit one develop titrimetric, gravimetric, and photometric methods for 
determination. 


Microgravimetric Determination Palladium 


Palladium diethyldithiophosphate satisfied the requirements for precipitation and weighing. Palladium can 
also weighed the dimethyldithiophosphate, although the conversion factor palladium this case some- 
what smaller than the case the diethyldithiophosphate. Palladium diisobutyl-, diphenyl-, and dibenzyl- 
dithiophosphates cannot recommended gravimetric forms, since they melt below 100° (e.g.,palladium di- 
benzyldithiophosphate melts 76°), and this complicates drying. Drying vacuum desiccator room tempe- 
rature takes longer than drying 105°, 


Palladium can precipitated nickel diethyldithiophosphate and other water soluble dithiophosphates, 
the presence platinum, copper, iron, and other elements which usually accompany palladium, long the 
solution contains appropriate complexing agent. 


order keep platinum solution during gravimetric (and also titrimetric) determination palladium, 
sodium bisulfite added. When this done quadrivalent reduced the divalent state, and stable, 
colorless complex formed, probably Bisulfite has already been used for masking platinum 
during the photometric determination rhodium and for the photometric determination copper during 
analysis platinum copper alloys has been found [55] that complete decolorization solution 
quadrivalent platinum achieve the yellow color platinum disappears slowly. Our experi- 
ments showed that the sulfite complex divalent platinum formed only addition excess sodium bisulfite 
weakly acid solution. Nevertheless, the sulfite complex formed stable during subsequent addition sig- 


Iron, copper, and lead can kept solution addition Complexone and adjusting the about 


0.5 solution palladium chloride containing 0.00138 0.00283 palladium, was added 
1.5 fold excess 0.025 solution nickel diethyldithiophosphate. The deposited was allowed 
stand for one hour contact with the mother liquor and then filtered through porcelain micro crucible; after 


quantitatively transferring the precipitate the crucible, was washed three times with water, and then driedto con- 


stant weight 105° drying oven and weighed micro balance. During determination palladium 
presence platinum, excess sodium bisulfite was added the solution prior precipitation the palladium. 
During determination palladium the presence iron, copper, and lead, interference from these elements 
was prevented addition 0.5 Complexone (Trilon and 1.5 sodium-potassium tartrate, and the 
adjusted about with ammenia. the presence iron, copper, lead, and platinum, bisulfite was also 
added the solution well Complexone before precipitation palladium. The precipitate was kept for 
one hour water bath and then filtered. 


The results Table show that there interference with determination palladium the pre- 


sence amounts platinum, copper, iron, and lead which are greater than that the palladium. Further, nickel, 


cobalt, aluminum, zinc, chromium, and few other elements not interfere with palladium determination 
either. The method gives accurate and readily reproducible results, 


TABLE 


Determination Palladium Means Nickel Diethyldithiophosphate 
(conversion factor palladium 0.2236) 


taken 


solution, 


pitate[( 


0.01342 0.00296 +4.3 
0.00142 00640 0.00143 +0.7 
0.00599 0.00134 —2.8 
0.00276 0.01259 CuSO,) +0.00005 1.8 
0.00276 0.01245 00278 0.7 
0.00276 0.00293 
0.01263 0.00282 
0.00276 0.01248 0.00290 |0.03 


0.00276 0.01242 0.00278 


Determination Palladium Visual Titration 


(In the presence platinum) 


addition the fact that the reaction between the intensely colored iodide complex palladium and 
nickel diethyldithiophosphate room temperature very rapid, and that the reaction follows strictly defined 
equation, also accompanied fairly good color change the end point. result systematic experi- 
ments, the following technique has been developed for the visual titration palladium the presence plati- 
num. 


1-2 solution palladium chloride containing 1.5-4.5 (and 15) palladium, was ad- 
ded potassium iodide such amount that its concentration was about 0.5 ml, equal volume hydro- 
chloric acid was then added, and the transparent cherry-red colored solution titrated with nickel diethyldithio- 
phosphate from microburet, until the brown color the solution disappeared, and precipitate with yellow 
color appeared, part the latter being suspended the liquid. For determination palladium the presence 
platinum, after addition potassium iodide the weakly acid test solution, 10-20 fold excess sodium 
bisulfite was added. When this was done, the solution acquired weak yellow color result the breakdown 
the palladium iodide complex and the formation stable sulfite complex divalent platinum. The so- 
lution was then acidified with hydrochloric acid until acquired intense color from the palladium iodide 
plex under these conditions the sulfite complex divalent platinum remained unchanged. The solution 
prepared this way was titrated with nickel diethyldithiophosphate solution,as indicated above. 


The visual method titrating palladium gives accurate results (Table 6). The is, apparently mainly 
the result errors measuring the volumes the solutions. The method may find practical application during 
analysis When the alloys contain copper well, the method inapplicable. 


Thiourea, well sodium nitrite (after removal excess with urea), not suitable for complexing 
platinum during titrimetric determination palladium. 


Photometric Determination Palladium 


pointed out already, the isolated and washed precipitates palladium dialkyl- and diaryldithiophosphates 
readily dissolve chloroform, carbon tetrachloride, and other organic solvents. The precipitates also dissolve 


| Error 
+0.0 


readily those cases where they are found the form suspensions acid weakly alkaline 
tions containing complexing agents, palladium dithiophosphates are only extracted slowly. 


TABLE 


Determination Palladium Visual Titration the Presence Platinum 


0.50 = 

0.50 

1.90 

1.58 

1.50 1.60 4.26 
2.0 2.20 5.68 
0:50 0.54 1.42 —0.7 
1.00 1.09 2.84 —0.35 
1.00 1.10 2.84 +1.4 
1.50 1.58 4.26 


The extracts obtained have yellow-orange color when the palladium concentration greater than 0.4 
carbon tetrachloride) the extracts are completely colorless. The absorption curves for palladium diethyldithio- 
phosphate carbon tetrachloride are shown Fig. For comparison, absorption curves for solutions nickel 


iethyldithiophosphate, diethyldithiophosphoric acid, and disulfide are given the same diagram. Similar curves 
were obtained for solutions chloroform. 


The absorption curves were taken follows. 
palladium chloride solution 0.1 con- 
taining 0.0545 0.83 Pd, was added 1.0 
0.035 potassium diethyldithiophosphate, and the 
palladium diethyldithiophosphate formed 
three times with 5-ml lots carbon tetrachioride. 
The extracts were filtered through dry filter paper, 
the filtrates were collected standard flask, 
and diluted the mark with carbon tetrachloride. 


When the absorption curves for palladium com- 


pounds were taken SF-4 spectrophotometer with 
hydrogen lamp and with filament lamp, quartz 
Fig. Absorption curves for palladium diethyl- cell was used with layer thickness 10.01 
dithiophosphate, nickel diethyldithiophosphate, for the liquid. Thesolvent was used the blank. 
diethyldithiophosphoric acid, and the disulfide. The nickel diethyldithiophosphate solution (0.4 
0.0545 palladium diethyldithiophosphate 
the eye); 0.83 palladium diethyldithio- (exact weight) carbon 


parating funnel, and the freed diethyldithiophosphoric acid extracted with carbon tetrachloride (three lots 5.0 


ml); the extracts were filtered through dry filter paper, and the filtrates diluted 25.0 standard flask 
the mark with carbon tetrachloride. 


Special experiments showed that diethyldithiophosphoric acid and palladium diethyldithiophosphate are prac- 


tically quantitatively extracted, under the experimental conditions employed, the first lot carbon tetrachlo- 
ride. 


The absorption maximum for palladium diethyldithiophosphate found the ultraviolet 295 while 
the absorption maximum for nickel diethyldithiophosphate located 320 acid 
appreciably absorbs wave lengthslessthan 275 may get into the palladium so- 
lution during its preparation, nevertheless, has practically effect the absorption the solution. The so- 
lution nickel diethyldithiophosphate absorbs appreciably 295 Consequently, order get accurate re- 
sults during the photometric determination palladium 295 using nickel diethyldithiophosphate which 
readily obtained pure form, necessary remove excess the latter some method. Tests have shown 
that nickel diethyldithiophosphate can readily washed out from the extract double washing with distilled 
water one washing with 0.1 sodium hydroxide sodium bicarbonate under these condition, all the 
palladiuin diethyldithiophosphate remains the organic phase (even washing twice with sodium hydroxide). 


Fig. Absorption curves for solutions the dimethyl-, diphenyl-, 

and dibenzyldithiophosphates palladium carbon tetrachloride. The con- 
centration all cases was 0.000518 the dithiophosphate 


The absorption curves palladium diemthyl-, diethyl-, diphenyl-, and dibenzyldithiophosphates 
carbon tetrachloride are shown Fig. 


Solutions for spectrophotomeric measurements prepared follows. 2.00 palladium chloride 
dialkyl- diaryldithiophosphate mg/ ml) carbon tetrachloride, the mixture was thoroughly agitated and 
then sodium hydroxide solution added. After the phases had separated out, the carbon tetrachloride solution 
was colorless. The sclution was next acidified addition sulfuric acid another carbon 
tetrachloride was added and the palladium dithiophosphate extracted. The extraction was repeated three times. 
order remove excess reagent, the extract was vigorously shaken with sodium hydroxide. The 
washed extract was transferred standard The alkali solution was washed once again with 
tetrachloride. After dilution the mark absorption curves were taken. All the solutions contained 0.000518 mil- 


The absorption maxima the solutions all the palladium dialkyl- and diaryldithiophosphates carbon 
tetrachloride studied differ insignificantly from each other. 


For washing, there need add tartrate the solution the case such small amounts nickel diethyl- 


are usually found the extract. 


The molar extinction coefficients 295 are 


Diffezences the values lie almost within the limits reproducibility spectrophotometric measurements, 


first approximation may considered that all the diaryl- studied possess 
almost equal sensitivity with respect palladium. Taking into account the high solubility nickel diethyldithio- 
phosphate, and its ready availability compared with the diisobutyl-, diphenyl-, and 
more expedient use diethyldithiophosphate for photometric determination palladium, al- 
though satisfactory results can obtained means the other dithiophosphates. The potassium sodium salt 
diethyldithiophosphoric acid can also used. 


Palladium can determined photometrically 

295 (maximum absorption) and also visually the 
basis the intensity the yellow color. Solutions 

palladium diethyldithiophosphate conform law 

from 0.160 0.90). Yellow solutions palladium di- 


carbon tetrachloride (optical density 0.15 


During photometric determination palladium, 


extracted succession with 10, and carbon 
tetrachloride. The extracts were collected separating funnel and washed with equal volume water 
sodium hydroxide remove excess reagent. The organic phase was collected after passage through filter 
standard flask, was diluted the mark with carbon tetrachloride and the optical density measured 
295 mp. 


The amount palladium was found from the calibration curve. 


When platinum was present, about 0.1 sodium bisulfite was added the test solution, and dissolved 
shaking. The precipitate which separated out was dissolved addition hydrochloric acid, and diluted 
with the same volume hydrochloric acid equal concentration. Determination palladium was completed 
described above. 


acid and neutral solutions, cupric ions oxidized diethyldithiophosphate disulfide [1). The disulfide 
extracted with organic solvents the same time cuprous diethyldithiophsophate, and interferes with palladium 
determination. Interference from the dithiosphosphates divalent and univalent copper can readily suppressed 
washing them out the extracts carbon tetrachloride with alkali solution. have not succeeded find- 
ing method removing disulfide from the extract. Consequently, when carrying out determinations, essential 
avoid formation disulfide, reducing copper the univalent state means sodium sulfide (about 0.5 
per solution). the colorless solution obtained was therefore added excess nickel diethyldithiophosphate 
with respect the expected amount palladium ard copper; this was followed addition equal volume 
hydrochloric acid, the palladium was extracted, and the extracts collected separating funnel and washed 
once with equal volume sodium hydroxide. Palladium determination was then completed described 
above. When platinum also present well copper, does not interfere with palladium determination; 
valent gold does not interfere either, since reduced the metal sulfite. 


Fig. Compliance with law 1-2 0.005 nickel diethyldithiophosphate was 
palladium diethyldithio- added solution containing 0.015-0.10 palladium, 
phosphate CCl, 295 (Curve the mixture was acidified with equal volume 

and 340 (Curve hydrochloric acid 50% acetic acid, and the palladium 


Determination palladium the presence lead great practical importance. dissolving lead 
beads nitric acid, palladium dissolves along with lead; the other platinum metals not dissolve. The method 
developed Frazer, Beamish, and McBryde for the determination palladium the presence lead ex- 
tremely complicated and invoives many operations. possible using nickel diethyldithiophosphate de- 
termine palladium rapidly and reliably the presence large amounts lead. The method based the fact 
that palladium forms less soluble diethyldithiophosphate than lead, and the fact that lead diethyldithiophos- 
phate readily removed from the extract carbon tetrachloride washing with sodium hydroxide solution. 
the test solution containing traces palladium and large amounts lead was added excess nickel diethyl- 
dithiophosphate with respect the palladium; the solution was slightly acidified with nitric acid and the palla- 
dium extracted with carbon tetrachloride. The subsequent procedure was the same that described above. 


Antimony diethyldithiophosphate absorbs the ultraviolet and the visible part the spectrum adjacent 
the ultraviolet, and, consequently, interferes with the direct determination palladium. All the same, anti- 
mony diethyldithiophsophate readily washed out the extract carbon tetrachloride sodium hydroxide so- 
lution, and does not interfere with palladium determination, Determination possible the presence anti- 
mony amounts which are 10-20 times that the palladium. the presence very large amounts antimony, 
low results are obtained for palladium. 


The considerably higher solubility iron diethyldithiophsophate compared with that palladium di- 
ethyldithiophsophate, and the ease with which can washed out the extract carbon tetrachloride means 
sodium hydroxide solution, permits the successful determination palladium the presence considerable 
amounts 


During determination palladium the presence large amounts copper and iron, did not succeed 
obtaining satisfactory results. During reduction copper with sulfite, trivalent iron not completely reduced, 
since the reaction carried out aikaline medium. During the subsequent acidification the solution 
order create favorable conditions for extraction palladium diethyldithiophosphate, univalent copper, 
oxidized trivalent iron, the divalent copper formed oxidizes the diethyldithiophosphate disulfide, and this 
long the copper concentration does not exceed 0.0001 Palladium can determined the standard se- 
ries method. was pointed out above that comparatively high concentrations palladium diethyldithiophos- 
phate, the organic solvents are colored yellow-orange. Since the solutions conform law, within certain 
limits, the can determined visual photometric measurements. series solutions palladium 
diethyldithiophosphate containing 0.279, 0.32, 0.36, 0.425, 0.455, 0.56, 0.615 carbon tetra- 
chioride were prepared follows: known volume standard palladium chloride solution was placed 
test tube used for colorimetric measurements, and 0.5 0.05 nickel diethyldithiophosphate added, followed 
equal volume (the volume the aqueous pahse was mi), and carbon tetrachloride. 
The test tube was then vigorously shaken, and the aqueous layer poured off completely possible, 3-5 
sodium hydroxide solution was added the test tube and the whole again shaken. Washing with alkali so- 
lution was carried out remove excess diethyldithiophosphate from the organic phase, well for re- 
moval other elements. During determination palladium the presence other elements (platinum, iron, 
antimony, lead, nickel) the procedure was the same for the preparation standard series. Copper should 
reduced beforehand addition sodium sulfite (0.5 per test solution). 


Tables and contain some the results obtained during photometric determination palladium. 


SUMMARY 


Dialkyl- and diaryldithiophosphates quantitatively precipitate palladium from acid, neutral, and also 
alkali solutions containing complexing maerials. During study the reaction between palladium iodide and 
_diethyldithiophosphoric acid various methods, was established that proceeds various conditions 
accordance with the equation: 


Palladium diethyl- well dimethyldithiophosphate answer all the requirements yielding pre- 
cipitate which suitable for gravimetric purposes. microgravimetric method has been developed for deter- 
mination palladium the presence platinum, nickel, iron, copper, and other The method gives 


sufficiently accurate and reproducible results. 


TABLE 


Photometric Determination Palladium (at 295 my) the Presence 
Other Elements 


taken, Metal added Ratio found, 


0568 
0.0810 
0.0142 
0.0142 
0.0142 
0.0284 2.5 1:90 
0.0568 2.5 1:45 
0.0852 
0.0852 
0.9568 1:20 
0.0284 2.5 1:80 
0.0142 
0.0568 
0.0284 1:180 
0.0284 
0.0284 0.0286 +0.0002 +0.7 
0.0284 0.25 1:8 0.0284 
0.0284 0.5 1:16 0.0280 


TABLE 


Determination Palladium the Presence Other 
Elements the Standard Series Method 


Ratio 


0.36 1:30 0.36 
0.32 1:16 0.32 
0.56 1:8 0.56 
0.56 1:18 0.56 
0.536 1:9 0.536 
0.279 1:72 0.279 


The rapid reaction which occurs between the intensely colored iodide complex palladium and diethyl- 
dithiophosphate room temperature, and which follows strictly defined equation accompanied fairly sharp 
change color the equivalence point. The micro method for the titrimetric determination palladium which 
based this principle, applicable the presence amounts platinum and other elements which are con- 
siderably greater than that palladium. 


Solutions palladium dialkyl- and diaryldithiophosphates chloroform, carbon tetrachloride, and other 
organic solvents are yellow-orange color. solution palladium diethyldithiophosphate carbon tetrachlor- 
ide exhibits maximum absorption 295 and practically coincides with the absorption maxima palladium 
dimethyl-, diisobutyl-, diphenyl-, and dibenzyldithiophosphate. The height the maxima for all the 
phates the same order magnitude. Palladium diethyldithiophosphates conform with law 295 
within the limits 0.014 0.090 carbon tetrachloride (optical density from 0.16 0.90). Dur- 
ing photometric determination palladium the optical density measured 295 Yellow, more concentrated 
solutions palladium diethyldithiophosphate, can colorimetrically determined visually, can measured 


Error 


spectrophotometer 340 this case the solution conform with law within the limits 0.16 
1.1 carbon tetrachloride (optical density 0.15 0.90 The photometric methods 
which have been developed permit palladium determined with reasonable accuracy the presence pla- 
tinum, nickel, copper, gold, lead, antimony, and other elements, 
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NEW COMPLEXONES 


COMMUNICATION BENZYLAMINEDIACETIC ACID AND a*, 
METHANEHEXAACETIC ACID 


All-Union Scientific Research Institute Chemical Reagents, Moscow 


have made study the effect changes molecular weight the complexing properties 
certain complexones, taking examples methylamine diacetic (1), benzylaminediacetic and benzhydryl- 
aminediacetic acids 


The properties the new compounds were studied means the polarographic method, determining 
the shift the half wave potentials number cations.* Results the complexing properties 
benzylaminediacetic acid various the solutions are given Table 


follows from the results given Table that benzylaminediacetic acid forms complex compounds with 


Results the polarographic study disodium benzhydrylaminediacetic acid have been published previously 


During the study the effect changes weight the complexones the stability the com- 
plex compounds formed, comparison was made the half wave potentials the cations certain heavy metals 
the presence methylamine-, benzylamine-, and benzhydrylaminediacetic acids 2.5 and 9.35 
(Table 2). 


comparison the behavior the acids indicated showed that increase the weight the molecule, 
under certain conditions, led increase complexing properties. 


Thus, the case lead 9.35, the presence methylaminediacetic acid, the half wave potential 
shifted through 0.34 volt, and the presence benzylaminediacetic acid the shift 0.38 volt, while the 
presence benzhydrylaminediacetic acid the complex formed stable that the reduction wave for lead dis- 
appears. 


Polarographic Study ofa, Acid 


study the shift half wave potential a‘, acid 


N(CH,COOH), 


The polarographic study was carried out under conditions similar those described during investigation 


x 


i 


TABLE 


Relation Between Half Wave Potentials and the Stability the Complexonates 
Formed 


1 in the 


amin 


E,, without 
Cations 


complexone 
2.5 


9.35. 

2.5. 


Results the polarographic a‘, acid are given 


should pointed out that the formation number complex compounds occurs with this complexone 
with time; thus, 9.35 the half wave potential shifted volt, and the wave height de- 
creases during this shift from and formation second wave observed. After standing for five 
days for the first wave shifted to—076 volt, while the second becomes well volt. 
These waves cannot determined stepwise reduction, since cadmium does not possess intermediate oxidation 
states. The most probable explanation for the appearance these two waves the formation various com- 
plexes, the interconversion rate which that each complex gives its characteristic wave. After stand- 
ing for prolonged period (15 days) the second wave disappears and the potential for reduction the cadmium 
ions volt. more changes are observed standing for further period. 


Such phenomenon, presumably, can explained the presence three complex-forming groups 
acid, capable forming intermediate complexes which 
react succession. 


Determination the Instability Constant Complexes Certain Metals with 
Complexones 


order get more complete characterization the test complexones, the instability constants their 
compounds with copper, bismuth, lanthanum, cadmium, cobalt, and nickel were determined polarographic 
method acetate buffer solutions. 


The experimental technique and the method calculation have been described detail the work 
and Lingane Stromberg and Bykov [3], etc. 


The following values were found for the instability 
For benzylaminediacetic 


For disodium 


acetic 


Synthesis Acid® 


0.3 mole benzylamine was added 80° 0.89 mole monochloroacetic acid, neutralized beforehand 
with sodium hydroxide. Condensation was carried out for 5-6 hours The filtered and cooled so- 
lution was acidified with 10% hydrochloric acid The white precipitate benzylaminediacetic 
which separated out was filtered and carefully washed with water until negative reaction was obtained for chlor- 
ide ions, After from butanol the compound obtained had melting point 


Found 59.16; 58.97; 5.95; 5.84; 6.28, 


a‘, was mixed with monobromoacetic acid neutralized 
with sodium hydroxide. Condensation was carried out under the same conditions those described for benzyl- 
aminediacetic acid. The compound obtained was white, amorphous powder with yellowish tinge, was readily 


soluble alkali hydrochloric acid, ethanol, but less soluble and isobutanol, was insoluble chloro- 
form, acetone, and water. 


Found 61.28; 61.40; 5.69; 5.70; 5.46; 


SUMMARY 


Benzylaminediacetic acid and a‘, acid have been 
synthesized and characterized polarographically. 


comparison methylaminediacetic-, benzylaminediacetic and benzhydrylaminediacetic acids, has 


shown that increase the molecular weight leads successive increase complexing properties cer- 
tain conditions. 


has been established that a‘, acid forms inter- 
mediate complexes with cations, these complexes being presumably the result the presence three complex- 


ing groups this acid. 
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APPLICATION OSCILLOGRAPHIC POLAROGRAPHY QUANTITATIVE 
ANALYSIS 


COMMUNICATION EFFECT ATMOSPHERIC OXYGEN DISSOLVED THE ELECTROLYTE THE VALUES 
THE CAPACITY CURRENT THE SUPPORTING ELECTROLYTE AND THE MAXIMUM VALUE 
THE CURRENT THE IONS BEING REDUCED 


Gokhshtein 
The Vernadskii Institute Geochemistry and Analytical Chemistry Acad. Sci. USSR, Moscow 


ordinary polarography, maxima the first and second order appear the current voltage curves 
and these interfere with determinations. order suppress these maxima the usual pro- 
cedure add surface active materials, which lead certain slowing down the electrochemical processes, 
and the development “false “polarographic example the development such 
polarographic waves, the polarograms obtained for ina supporting electrolyte 
gelatine concentration 0.01%, using Heyrovskii type the absence atmospheric oxygen. 
clear from Fig. that after the limiting current for cadmium, there appears sloping part the curve (BC), 
which increases with decreasing concentration, and practically fuses into the diffusion current. Determina- 
tion the true limiting current for cadmium very difficult. 


maxima are present the case oscillographic polarography, since just the point where the drop 
has finished growing and when the oscillogram taken, the movement the surface slows down. also known 
that ordinary polarography, the dissoived oxygen the electrolyte has considerable effect the polarographic 
waves the ions being reduced, and the presence oxygen the test solution interferes with quantitative deter- 
mination. 


order find what the effect dissolved oxygen curves when voltage ap- 
plied the cell, experiments were carried out the separate and co-determination and 


solutions, and the solutions lead, cadmium, and zinc salts were prepared from spectrographically 
pure preparations obtained after several 


The solutions were electrolyzed the Model No. oscillographic pularograph the Insti- 
tute Geochemistry and Analytical Chemistry [2]. constant (U= and saw toothed potential were 
applied the electrodes the electrolytic first was applied order diminish the ef- 
ect the c2pacity current the maximum the ion being reduced the amplitade the saw 
toothed voltage). 


order maintain the linearity the saw-toothed voltage the cell, the ratio essen- 
tial importance. For /U~ there distortion the saw-toothed voltage. 


The electrolytic cell consisted slow dropping mercury electrode (dropping time 14-15 seconds) and 
mercury anode. The curves were registered for one drop mercury maximum size the course 
few fractions second before broke off, when the mercury surface remained practically unchanged. The va- 
lues the potential the drop are given relative the mercury anode. 


order characterize the capacity current quantitatively, and its change with growth, well the 
effect the electrochemical reaction it, turned our attention the two following the re- 
sults obtained will considered spectal article 


electrolyte Gelatin concentration 0.01%, 
The capacity current (the charging and discharging currents the stationary double electric layer) the 
growing drop expressed the formula 


the total current observed the oscillogram; the differential capacity; the rate change 
potential volts/ gis the current for drop growth and the area the electrode. 


The current the growth the drop connected complex relation with calculated parameters. Right 
the beginning drop growth, the current and with the total increase strongly compared with 


the capacity current, and give clearly defined peak the oscillogram. the drop grows, the value rapidly 


decreases some thousandths the capacity current, and, for the oscillograms taken towards the end drop 
growth, calculation the differential capacity can carried out sufficiently accurately means the 
sv, substituting the capacity current the total current. 


When reaction proceeds the electrode, then the following relationship exists for the 
total current (for arbitrary potentiai and for small amplitudes)of the saw-tooth voltages 


where the forward sweep time; the time variable); the capacity the mercury electrode; the 
electrolyte resistance; the active part the Faraday impedance; the ratio equal 
the current the beginning the sweep; i(T) the current during the forward sweep characteristic 
the apparatus. 


detailed expression for the current not interest here, since the point when the oscillogram 
taken, insignificant compared with the other components. 


Using the formula possible determine the 
diffusion current from the 


Actually, if, first glance, would seem sufficient 
for determination the diffusion current, subtract the 
initial capacity current (vc) (Fig. from the value the 
book [4] then from expression follows that the 
current determined this way will less than its true 


value, and this difference, even dilute solutions, where 
Fig. The capacity current large, will exceed 5-10%, Actually, instead the 
the moment reduction the original capacity current (the fine line the diagram) 
one should subtract the value, which least 


times smaller than (the dotted line). 


obtained for volt; 0.44 volt; Usweep 0.86 volt and frequency (y) 17.5 cps. The 
potential the drop volt. The first curve was registered the presence dissolved atmospheric oxy- 
gen, while the second was taken the absence. the left seen the sharp rise the curve caused 


the presence dissolved oxygen; its absence. 


the charging current and the form the applied The maximum capacity current greater 
the absence oxygen than its presence. For volt, the value has maximum value, and 
curves respectively equal 16.4 and 20.74 microamperes (Fig. 3a). more negative values the po- 
tential the drop, the current gradually decreases, while for volt there observed small 
increase the capacity current. Starting potential volt, curves and fuse into each other, while 
drop potential volt, there again observed sharp decrease the current. 


When the amplitude the saw-tooth voltage decreased, and the constant voltage the cell increased, 
the difference between oscillograms and (Fig. becomes even For example, 0.8 volt, 
0.4 volt, Usweep volt, oscillograms for taken the presence and absence dissolved atmospheric 
oxygen practically coincide, with the exception the peak for the capacity current which develops 
volt. The maximum values the capacity current curves and are respectively 11.80 and 12.44 volt micro- 


dissolved atmospheric oxygen; 
and Usweep 0.4 volt. 


fusion the curves. 


electrode accodring the reaction: 


only the range 
Imax 
Fig. Oscillogram for 
supporting electrolyte 


Comparison the curve (on Fig. with the curve relating the differential capacity the mercury 
electrode and the potential shows that they are identical. 


means that given potential peak appears the oscillographic curve. 


amperes, which are 28-40 less than the values obtained the previous experiment. For =—0.96 volt 
than curve For 0.5 volt; Usweep volt and ~1.0 curves and fuse into each other, and 


volt there discernible difference the points, while the sloping 
crease curve greater than the increase curve (Fig. c). 


Since, ordinary polarography the first oxygen wave 
appears about —0.1 volt, tried find this wave the 
oscillographic wave the same potential range. Experiment 
showed, however, that 0.02 volt; Usweep volt 
and volt (i.e. for volt) there are 
waves the result reduction oxygen, while there 
only certain drop the capacity current, 


Thus, the effect oxygen dissolved the 
the oscillogram KCi differs considerably from the 
two clearly distinguished waves —0.1 volt and 0.5- 
volt. 


During electrolysis solutions and similar 
electrolytes, the presence leads certain decrease 
capacity current; this phenomenon only appears the be- 
ginning the oscillogram. Subsequently there complete 
from —0.9 1.4 volt there occurs sloping increase, which, 


the presence somewhat greater than its absence; finally, more negative values there again 


dissolved oxygen -1.0 volt). The concentration was ml. 


capacity current and two waves can seen the curves. The first, which appears 0.765 
volt belongs cadmium. The maximum current equal microamperes. The second wave 
appears =—0.798 volt. When one takes into account the ohmic potential drop the circuit (0.086 volt), 
then the potential the peak for the ions will equal to—0.679 volt, which very close for cad- 
mium supporting electrolyte The second wave determined the presence oxygen solu- 
tion; caused reduction Cd(OH), formed the result reduction oxygen the dropping mercury 


The second wave disappeared acidifying the solution with 


can seen from Fig. the absence dissolved oxygen, for ions greater than the 
presence The linear relation between cadmium concentration and the value the maximum current 
maintained both the absence well its presence, which means that possible carry out quanti- 
tative analysis without removal dissolved oxygen from the test solution. 


Fig. Relation between for 
ions and its concentration, Fig. Relation between 

the presence dissolved O,; for Pb** ions and its concentration, 
the absence O,. the presence and the absence 
volt; 0.2 volt and dissclved atmospheric oxygen. 
Usweep 0.4 volt. volt and 0.26 volt. 


sence, and the absence oxygen. The potential which peak appeared was volt; taking into account 
the ohmic drop potential the circuit (0.05 volt) its potential becomes —0.44 volt, which very close the 
value for the given medium. The value for lead the absence and the presence 
dissolved oxygen remains practically unchanged. 


Experiments carried out the determination different concentrations ions supporting electrolyte 
KCl using the parameters indicated above, showed that oxygen dissolved the electrolyte has effect 
for lead. The relation between concentration and maximum value the current shown Fig. 

Fig. shows there linear relation between and concentration solution, both the presence 
and the absence oxygen. The calibration curves practically coincide. Fig. iliustrates the possibility 
the quantitative determination lead the presence oxygen dissolved the electrolyte. 


Presence Lead and Zinc. thought would interesting study the effect dissolved the maximum 
current cadmium the presence other ions. this, two series tests were carried out: one series 
electrolysis cadmium solutions was carried out the presence lead, while the other was carried out 
the presence and The tests showed that the presence the accompanying ions, the wave caused 
reduction disappeared the oscillographic curve (Fig. 4), and the effect dissolved oxygen 
duced minimum (apparently, ions interfere with formation the layer adjacent the elec- 
trode). The accompanying ions show considerable effect the value for ions. The increase 
the maximum current cadmium less the presence lead, than the presence Jead and zinc (Fig. 7). 


linear relation also observed between the concentration and maximum current cadmium the pre- 
sence the accompanying ions. norinal polarography, during the simultaneous determination two several 
ions, the absence O,, the other ions affect the limiting current the ion being reduced 


analytical purposes, expedient change the potential the same rate, then for successive determination 
lead, cadmium, and zinc, electrolysis the test solution was carried out constant amplitude for the saw-tooth 
voltage 0.5 volt. The constant voltage applied the cell was changed from test test. For determina- 


for zinc volt. 


Imax 


Fig. Relation between 

for ions and concentra- 

tion the presence and 
the absence, and the presence 
dissolved O,; and 

the absence dis- 
solved 


tion various concentrations lead and cadmium potentiai volt was applied, while 


Fig. Relation between Imay 
for and and 
their concentration when all are 
present simultaneously sup- 

and curves obtained the 
presence and absence 
volt and 0.5 volt; 
obtained the absence dis- 
0.5 volt. 


For these values the constant and voltages, the capacity current does not distort the oscillographic 
waves for and when these ions are simultaneously present the test solution. 


The calibration curves for and ions coincide whether oxygen was present not. The linear 
relation between the maximum value the current for lead, cadmium, zinc, and their concentraticns so- 


lution shown Fig. 


potential. 


SUMMARY 


Taking electrolysis example, has been shown that the oscillographic curve the sup- 
porting ‘electrolyte identical with the curve relating the differential capacity the dropping mercury 


The presence oxygen the supporting electrolyte leads certain decrease the capacity 
current the beginning the oscillogram. more negative potential values dissolved has practically ef- 


fect the curves. 


When only ions are present the dissolved decreases the vaiue the maximum current 
cadmium, and, potential near the potential for the peak, second wave develops caused reduc- 


tion Cd(OH),; this curve disappears acidifying the solution. 


The linear relation between concentration and the value the maximum current the ions being re- 
duced maintained, both the presence and the absence oxygen dissolved the electrolyte. This indi- 
cates that should possible carrry out quantitative analysis without removal and this real advantage 


over ordinary polarography. 


Thesis (Inst, Phys SSSR). 
Russian. 
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THE USE THE MASS SPECTROMETER FOR ESTABLISHING THE RESOLVING 
CAPACITY CHROMATHERMOGRAPHIC APPARATUS 


All-Union Scientific Research Institute Petroleum Geology and Prospecting, Moscow 


Chromathermographic apparatus has found wide application gas analysis, industry, and scientific 
research work. this connection important establish the purity the fractions obtained from mixture 
gases the chromathermographic method some independent used the mass spectrometer for 
this purpose since possessesa high sensitivity. 


Results are given the present article work carried out means MS-2 mass spectrometer order 
establish the purity fractions obtained during separation gas mixtures chromathermographic apparatus 
(chromathermographs Nos. and and the universal chromathermographic Air used developer 
chromathermograph No. [2, while the concentration the separated component determined beyond the 
adsorbent layer means fixing apparatus based measurement thermal conductivity. Carbon dioxide 
used the developer chromathermograph No. the amounts desorbed materials are measured visually 
nitrogen apparatus filled with 40% KOH 


The universal chromathermographic apparatus [4] based the simultaneous use chromathermography, 
and partition and development chromatography. Air used developer, while registration carried out 
apparatus based measurement thermal conductivity, the thermal effect combustion. 


The unsaturated hydrocarbons used were prepared dehydration 360-400° the corresponding alcohols 
active alumina, the alcohols having been distilled three times beforehand. 


The saturated hydrocarbons were prepared hydration the corresponding unsaturates nickel catalyst. 
The gases obtained this way were purified from carbon dioxide. 


The experimental technique employed was known amount the mixture appropriate 
composition was placed the column packed with adsorbent, and separation effected the simultaneous action 
air stream, carbon dioxide, and the moving electric oven. The time for separation the individual 
components was determined, i.e.,the retention volumes, under standard experimental conditions. Subsequently, 
separate fractions sampled into glass ampoules from the chromathermograph through tap, and 
these fractions analyzed for purity the mass spectrometer. 


The following mixtures were ethane nitrous oxide propane; methane ethane 
propane butane, and also natural petroleum gas chromathermograph No. methane ethane ethyl- 
the uiversal chromathermographic apparatus. 


Fig. illustrates the separation mixture methane ethane propane butane. 


Fig. shown the elution curve for mixture methane, ethane, ethylene, propane, propylene, iso- 


butane, n-butane, isobutylene, trans-butylene, cis-butylene, isopentane the universal chromathermographic 
apparatus. The presence ten discrete zones testified the complete separation the components. 


gas 


Fig. Elution curve for separation hydrocarbons chromathermo- 
graph No. 


The apparatus used for establishing the purity the gas fractions separated means the chromathermo- 
graphic apparatus was the Russian MS-2 mass spectrometer which was provided with system adjustments 
abling down 0.01 gas analyzed. The mass spectrum sweep was realized automatically chang- 
ing the field electromagnet. The mass spectra were recorded electronic potentiometer type EPP-09, 


TABLE 
Mass Spectra for Calibration 
Pressure 
arbitrary uni 


All the mass spectra were taken the course one working day. 


order check the stability the operation the mass spectrometer, the calibration curves the 
spectra were registered several times. Variations the sensitivity the mass spectrometer, and the ratios 
certain peaks for propane and isobutane are given Tables and 


Calculations the composition the fractions were carried out the sensitivity method suggested 
Washburn 6]. order increase the sensitivity determination, the content impurity was cal- 
culated the basis those peaks, which the basic gas had effect, hada minimumeffect, but which 
the impurity showed the maximum effect. The peak with mass was not used for calculation purposes since 
had high value the background spectrum the apparatus. 


example may the mass peaks used for determining impurities the butane fractions iso- 
butane impurity was determined the basis system equations compiled using peaks with masses 
and 58; butylenes impurities were determined using peak with mass 56; propane the 
basis peak with mass 44; propylene impurity the basis peak with mass 42; ethane the basis 
peak with mass 30; ethylene the basis peak with mass 26. view the difference the calib- 
ration spectra was not possible carry out separate calculation for trans-butylene and cis-butylene. 


i=} 
20 | 
a 
Masses 
1.6 
0.7 
0.6 
a 44 


Mass Spectra for Calibration 


Pressure 


Readings 
error, 


Sensitivit 
arbitra 


fean |absolute, 


All the mass spectra were taken the course one working day. 


Table contains the results during analysis fractions separated means 
No. 


TABLE 
Analysis Fractions Separated means Chromathermograph No. 


Original mixture Fraction 


designation 


Ethane fraction 0.9 
Propane fraction 
Natural gas from Ethane fraction 0.1 
No. (Mukhanovo) Propane fraction 
Natural gas from Ethane fraction 
No. Propane fraction 0.1 


Butane fraction 


these results show, the ethane and propane fractions contain the amounts which lie outside 
the limits accuracy determination means the mass spectrometer. The amount butylene found im- 
purity the butane fraction from natural gas obtained from Well No. region), and amounting 
known that n-butane and isobutane are not separated chromathermograph No, when only one co- 
lumn packed with MSM silica gel used), may also explained unstable readings the mass spectrometer, 
since the natural gas does not contain butylene. 


Thus, mass spectrometric analysis fractions taken from No. hardly detects any im- 
purities all these fractions. 


Table contains results obtained during the study fractions separated means chromathermograph No. 


clear from Table that the propane and butane fractions from mixture not any impurities. 
The ethylene fraction contains ethane. The “nitrous fraction contains 0.1 propane and 3.8 ethane, 
from which can concluded that for this length sorbent layer this fraction contains 96-97 %N,O. 1.9 bu- 
tane was detected the butylene fraction. The butane fraction from mixture contains 0.2 butylene; the propyl- 
ene contains propane; the ethylene fraction does not contain any impurities; 2-3 ethylene are con- 
tained the propane and ethane fractions. The amounts the impurities found the individual fractions can 
either explained incomplete separation errors determination the mass spectrometer. 


relative, 
2.86 

j 


o 


Time minutes 


Fig. Elution curve for the hydrocarbon mixture the universal 
chromathermographic apparatus, 


The results given Table therefore demonstrate that when chromathermograph No. used, practically 
complete separation possible, since the amounts impurities 
detected means the mass spectrometer should not affect the peak heights the elution curves. 


TABLE 
Analysis Fractions means Chromathermograph No. 


Original Fraction Composition fraction, 
Nitrous oxide 0.1 3.8 96.1 
Ethylene fraction 0.4 99.6 
Propane fraction 100 
Butane fraction 100 
Butylene fraction 1.9 98.1 
Ethane fraction 2.9 
fraction 100 
Propane fraction 96.9 0.9 2.2 
Propylene fraction 1.0 99.0 
Butane fraction 99.8 0.2 


Table contains the results analysis carried out the mass spectrometer fractions taken from the 
universal chromathermographic apparatus. clear from the Tabie that here have practically complete se- 
paration proylene, isobutane, n-butane, and butylenes. 


The authors wish thank Zhukhovitskii for his valuable advice, and for the interest showed 
this work. 


TABLE 
Analysis Fractions Obtained means the Universal Chromathermographic Apparatus 


fraction,in 


Fraction 
designation 


Original 
mixture 


Propylene fraction 
Isobutane fraction 
n-Butane fraction 
Butylene fraction 


SUMMARY 


MS-2 mass spectrometer can successfully used for periodic checking the completness separation 
complex mixtures the chromathermographic method, and also for choosing the optimum conditions for opera- 
tion chromathermographic apparatus. 


Mass spectrometric analysis fractions obtained during separation gas mixtures chromathermographic 
apparatus, shows that saturated and unsaturated hydrocarbons are completely chromathermograph No. 
addition, when chromathermograph No. used, also possible separate nitrous oxide from the hy- 
drocarbons, while the universal chromathermographic apparatus permits resolution butane well. 
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DETERMINATION SODIUM AND POTASSIUM MINERALS FLAME 
SPECTROPHOTOMETRY 


present alkali metals can determined most accurately and swiftly flame photometric methods. 
Appropriate procedures have been developed for the rare alkali metals lithium, rubidium, and 
using apparatus constructed the basis the universal UM-2 seemed desirable 
develop similar methods for determining sodium and potassium this type apparatus. 


vast amount work has been published relating the determination sodium and potassium various 
materials, particularly minerals, means flame photometry. The sample usually put into solution 
treating with mixture hydrofluoric acid and sulfuric 6], perchloric acids [7], and the solution sub- 
sequently photometrically determined either direct readings the method Less often, fusion 
with calcium carbonate and ammonium [8, used for opening the 


great importance during photometric determinations solutions the correct calculation the mutual 
effect the elements and the composition the solution the intensity the radiation the test element 
the flame. Sodium and potassium mutually intensify the radiation the other acetylene flame. Under 
such conditions, the radiation emitted the sodium only increases weakly, while that potassium increases strongly 
The reason given for this the action the atoms one metal the ionization the the in- 
tensity the radiation each element proportional the concentration nonionized atoms the flame, and 
result suppression ionization under the influence the other element, the brightness the radiation in- 
creases. The effect not the cold fiame propane air mixture 12}. The relation between 
this and the flame temperature and concentration the elements seems the reason for the fact that 
some authors have not observed the existence this type phenomenon [13, 


effect different type the decrease radiation intensity caused the presence large amounts 
acids their salts; this probably leads slowing down evaporation the material from aerosol pass- 
ing into the flame 


general method overcoming the effect the composition the solution the intensity the radia- 
tion the test elements, choose standard solutions approximating their composition that the test 
samples, make use the so-called buffer action the salts certain metals the radiation the others 


The problem which formed the subject the work described here was check published results the mu- 
tual effect the elements, with veiw recommending more suitable method analysis. 


Apparatus. The flame spectrophotometer used was constructed the basis type UM-2 monochromator, 
and has been described previously type FEU-19 was used the receiver for the radiation 
when determining sodium, while for determination potassium type FEU-22 photomultiplier was used. The 
photocurrent was measured means type mirror galvanometer, which had sensitivity 
amperes/ scale and oscillation period seconds. When illuminating gas flame was used, the bumer 
was glass one similar that used for acetylene differed, however the diameter the outlet open- 
ing which was (Fig. 1). 


The supply illuminating gas was cut down until small flame with sharply defined inner cone 
was 


For characterizing the suitability the apparatus for determining sodium and potassium, the values the 
were determined during determinations these elements the presence others which 
radiate the flame. pointed out already, the “specificity number which shows how much an- 
other (foreign) element can present order give the same galvanometer reading the test element con- 
centration reading given the foreign element because the radiation the element 
another wave length scattered the monochromator, the radiation molecular band the same wave 
length. Because the presence sodium and potassium salts impurities test preparations foreign elements, 
during the determination specificity factors, order get readings the sodium wave length (589 590 
the potassium wave length (766 770 mj), readings were taken the spectrum region both sides these 
and the results interpolated the given wave lengths. 


Fig. Sprayer and burner for working with illuminating gas. 

Sprayer; spraying chamber; discharge excess solution; 
compressed air supply; test solution; inlet for illuminating 
gas; 


The results obtained are given Table 


TABLE 
Approximate Values Specificity Factors during Sodium and Potassium Determinations 


Sensitivity, Specificity factors the presence 
Element 


Sodium 

Illuminating gas flame 

Acetylene flame 

Potassium 

Acetylene flame 18000 15000 


The slit width (inlet and outlet) was 0.1 mm. 


These results demonstrate the high quality the photometer constructed for sodium and potassium determi- 
nations. When acetylene flame was used, sodium radiation was observed, this was presumably caused the 
dium/ the solution, and did not interfere with the work. 


Sodium Determination. Since was intended determine sodium and potassium contents these ele- 
ments test sample, during photometric determinations solutions with concentrations (calculated 
the sample) was necessary establish the conditions for determining sodium concentrations 
this element solution 100 relation between radiation intensity and concentration the 
range 100 curves toward the abscissa (Fig. 2), while the curves obtained for acetylene flame and 
for illuminating gas flame practically coincide, long the maximum the radiation for solu- 
tion with concentration 100 taken 100 both cases. 


Direct proportionality between concentration and readings only 10y (Fig. 3), the 


range 40-100 the readings are proportional tothe square root the concentration. 
Despite the absence direct proportionality the range 100 ml, sodium can determined with 
reasonable accuracy making comparisons with two standard solutions approximating concentration the test 
100 


100 
Fig. Relation between radiation intensity Fig. Relation between iutensity 
sodium 100 and its concentra- sodium radiation ml) and its 
tion solution. concentration solution. 
Acetylene flame; illuminating gas gas flame; acetylene 
flame flame. 


order establish the effect elements which accompany sodium minerals, photometric measurements 
were out soluticns which were 0.025 with respect hydrochloric acid, and containing addition 
sodium definite concentration, calcium, aluminum, potassium, and phosphates amounts which may 
expected present samples. The readings obtained these experiments were compared with the readings 
obtained for solution sodium salt the same concentration, but without additions foreign elements. 
adddition, solutions mixtures the added materials were also measured photometrically, and the readings ob- 
tained subtracted from the readings for the solutions the sodium salts which the foreign elements had been 
added. Comparisons were the results obtained with both the acetylene flame and the illuminating flame. 


TABLE 


Errors During Determination Sodium Containing 
Additions Foreign Elements 


Foreign elements added, comparing with 
solution not containing 


acetylene 
flame 


content 
solution 


500 500 100 100 +1.3 —1.2 


| 


the results given Table show, addition so- 

correspond concentrations 1.0 the test sample), 
the oxides (50% the test sample), potassium amounts 

sample), has essential effect the intensity the so- 
dium radiation both the gas flame, and 
the acetylene flame. The results obtained for sodium showed 
maximum deviation 3%. Thus, the case sodi- 
rison solution test sample (after decomposition with 
hydrofluoric acid and sulfuric acid) hydrochloric acid, 
with standard solutions sodium salt free from the com- 


Fig. Relation between intensity 


the potassium radiation (0-100 Potassium Determination. The curve relating the 
and potassium concentration. intensity the radiation 766-769 and potassium 
Acetylene flame; concentration solution, using illuminating gas flame, 
gas flame. slightly curved toward the abscissa, while for acetyl- 


ene flame has the characteristic drawn out shape (Fig. 
which has been noted the literature. 


plotting the curves logarithmic paper clear that the radiation intensity only directly propor- 
tional the concentration the range 40-60 range 5-40 proportional the concentra- 
tion raised the order 1.33, while the range 60-100 proportional raised the 
order 0.77. The presence the initial part the curve, which there more rapid growth ra- 
diation intensity with increasing concentraticn the hotter flame acetylene, can explained resulting from 
the potassium. Under such conditions, accordance with the equation the elec- 
tron), part the potassium already ionized and cannot give the radiation the resonance line potassium 
766.6 769.0 mp, which determined the electrons into the neutral atoms. The con- 
centration ionized potassium atoms determined the equation 


where (K) and are the concentrations the flame, atoms and ions potassium, and electrons 
respectively. Since and are equal, then from this Denoting the the atoms 


forming this gives from which clear that the concentration nonionized 


atoms the flame determined the root equation the second degree representing parabola. The 


initial part the curve relating radiation intensity concentration, is, shape actually reminiscent para- 
bola. 


The equation for ionization equilibirum const can explain the following regularities relating 
the mutual increase the radiation intensity the alkali metals. 


Readily ionizable metals (rubidium, cesium) should have greater effect than less readily 


metals (such lithium), since they should displace the equilibrium greater extent supplying greater 
concentration electrons. 


The intensifying effect cther metals should strongest all low potassium concentrations, since, 
under such conditions, relatively large part the potassium atoms will ionized. 


The increase potassium radiation addition another metal increasing amounts will tend 
limit, which will determined complete suppression the potassium ionization, and the limit will reached 
sooner, the lower the ionization potential the metal added. 


The intensification the radiation wil! stronger flames where large part the atoms will 
i.e. flames with higher temperatures. 


TABLE 
Effect Sodium Radiation 


117 
112.7 
100.5 107 ‘a. 

gas 


The experimental results given below the points made above, namely points 1-4. Table 
contains results the effect sodium salts various flames the intensity potassium radiation. these 
results show, the case acetylene flames, when amounts potassium are involved, sodium concen- 
trations 100 leads increase the intensity the potassium radiation about twice its real value, 
while potassium concentrations 10-40 the effect already becoming small. Changing overtoan illuminat- 
nating gas flame practically completely eliminates the effect. follows from this last fact that illuminat- 

ing gas flame, potassium can, apparently, determined concentrations which are not too smail, i.e. amounts 
greater than 2-3 ml, comparison with standard solutions free from components present the test material. 


TABLE 


Errors arising Determination Potassium Solutions which 

are 0.25 withRespect and contain test components, when 
Illuminating Gas and Acetylene Flames are used, and Sodium Added 

the Solutions 


The same with 


flame (add. 
Na), 


Kcon- components added, 


tent 


Table contains results for potassium determinations solutions containing test components (using illu- 
minating gas flame). 


shall return below the results given the last column, while for the moment note that during work 
with low temperature illuminating additions the test material amounts correspond- 
affect the value the readings, and permit one, the case sodium, carry out direct comparison with 
series standard solutions. 


for the acetylene flame, this case, analytical procedure must take into account the effect sodium 
the intensity the potassium radiation, and this effect must compensated for accordingly. The simplest 
procedure would use the action sodium salts, added excess standard solutions and test 


Radiation intensity in% 
Gas used 

| 

with 


Actually, sodium concentrations the soluticn 1-2 mg/ ml, the intensity potassium 
ation increases little with increasing sodium concentration (Table 5). 


TABLE 


Relation Between Intensity Potassium Radiation and 
Sodium Concentration the Solution 


tration, various amounts Na, mg/ 


148 171 


178 
197 


addition sodium amounts mg/ standard and test solutions, the normal components the 
test material, can seen from the last column Table not interfere. The same true when cesium 
(20y and rubidium (10 Rb,O) are added; this means that the method can applied for analyzing 
test materials containing small amounts these elements. 


Recommended Experimental Procedure. Below given description the procedure published the litera- 
ture [4], which has been modified accordance with the results obtained during the present investigation. 


Solutions 

Stock solution sodium and potassium containing mg/ the metal; 0.5084 calcined sodium 
chloride and 0.3814 potassium chloride were dissolved good quality distilled water 200 standard 
flask (twice distilled water may used) and the volume made the mark. 


chloride solution (for potassium determinations acetylene flame); solution con- 
tains about (39.3) sodium. The sodium chloride used for this purpose should contain little potassium 
marketed product should purified saturated solution sodium chloride 
should prepared heating, the solution filtered and then the sodium chloride precipitated addition 
concentrated hydrochloric acid. cooling, the sodium chloride filtered off, washed with hydrochloric acid 


Standard Solutions. For use during determination sodium and potassium illuminating gas flame, 
and determination sodium acetylene flame. The amounts the stock solutions sodium and potassium 
salts given the table below, are mixed with hydrochloric acid 100 standard flasks and the vo- 
lume made the mark. 


Number the standard solution 


Amount stock solution, 


When standard solutions used for determination potassium acetylene flame are prepared, 
solution sodium chloride also added the contents the flasks. 


Hydrofluoric and sulfuric acids reagent grade. 


accurately weighed aliquot mineral equal 0.1000 treated with hydrofluoric acid and 
sulfuric acid (1:1) platinum crucible, the mixture heated sand bath, first gently, and then more 
strongly, and evaporated practically dryness. allowed cooi, and then hydrochloric acid and 
5-10 water added it. The mixture heated dissolve the salts. cooled again, and, case where 


illuminating gas flame used, diluted the mark 100 standard flask. This solution then 
measured flame photometrically, first for one element (sodium) and then for the lines the other element (potas- 
sium), comparison being made with two adjacent standard solutions, one which gives higher reading, and 
the other lower reading than the test solution. 


When acetylene flame used two test solutions 
are necessary the one for determination sodium 
prepared described above, while the other, which used 
for potassium determination, contains mg/ sodium. 
When not desirable prepare separate solutions from 
two separate aliquots sample, the solution obtained 
described above, after decomposition the sample with 
hydrofluoric acid and sulfuric acids, and subsequent treat- 
ment the residue with hydrochloric acid, diluted 
for determination sodium, this 10.0 being diluted 
with equal volume water dry beaker. Other 
lots the same solution which are mixed with 


Fig. Calculations the content then used for potassium determination; the final solutions 
element test solution obtained being compared with standard solutions contain- 
and BG) readings for standard solu- ing the same amounts sodium. 


Readings are taken for test solution and for two ad- 
lution; OD) content element 


jacent standard solutions, one which gives higher read- 
ing, and the other lower reading than the test solution. 
The readings are repeated the reverse order and the mean values Calculation carried out graphically. 
The calibration curves are obtained plotting concentration test element the abscissa, and the 
galvanometer readings the ordinate. The points corresponding the two standard solutions are plotted the 
graph and connected straight line. intercept corresponding the reading obtained for the test solution 

marked out the ordinate, straight line then drawn from this point the ordinate parallel the abscissa 
(Fig. intersect the line connecting the two points for the standard solutions; perpendicular dropped from 
the point intersection the abscissa. The value the intercept the abscissa, taken from the origin, then 
gives the content the element the test The value found for the content the element 
divided gives its content the test sample 


For determination potassium and sodium necessary use reagents containing the minimum amounts 
the alkali metais. best use twice distilled water. Standard solutions should prepared immediately 
prior determination, avoid contamination alkali metals, which may come from the glass the 
flasks used. blank must carried out, and the necessary corrections applied. 


SUMMARY 


Conditions have been established for the flame photometric determination sodium and potassium 
nerals, using apparatus constructed the basis the universal UM-2 monochromator. has been found that 
such apparatus ensures high sensitivity and specificity for determination sodium and potassium. study which 
has been made the effect accompanying elements the radiation intensity sodium and potassium two 


flames illuminating gas and acetylene has made possible choose conditions whereby these metals can 
accurately determined whichever flame used. 


Experiments carried out synthetic mixtures have shown that determination the alkali metal content 
the range 0.4 8.0%is possible with accuracy 3%. Explanations have been given for some the pheno- 
mena observed, namely for the shape the curve relating radiation intensity and concentration, and for the nature 


the increase potassium radiation intensity the presence sodium, the explanations being based the 
ionization the elements the gas flames. 


LITERATURE CITED 


Poluetkov and Nikonova, Collection Scientific Papers Giredmet (State Rare Metals 
Scientific Research Institute) (In press). 


[3] Giesen and Kampa, Tonindustrie 77, 383 (1953). 

Corey and Jackson, Anal. Chem. 25, 624 (1953). 

and Johns, Analyst, 76, 410 (1951). 

Brannock and Berthold, Geol. Surv. Bull. No. 992, 

Knight, Mathis and Graham, Anal. Chem. 23, 11, 1704 (1951). 
[8] Biffen, Anal. Chem. 22, 1014 (1950). 

Ford, Anal. Chem. 26, 10, 1578 (1954). 

Porter and Wyld, Anal. Chem. 27, 733 (1955). 

Domingo and Klyne, Biochem. 45, 400 

Schinkman, Silikaitechnik 163 (1951). 

Margosches and Vallee, Anal. 28, 180 (1956). 

[16] West, Folse and Montgomery, Anal. Chem. 22, 667 (1950). 


Received December 17, 1956, 


Original Russian pagination. See Translation. 


ARC LAMP FOR EMiSSION SPECTROGRAPHIC ANALYSIS POWDERS 


Semenov 


All-Union Scientific Research Glass Institute, Moscow 


Direct current arcs have hitherto been mainly applied for analyses not requiring high degree 
accuracy, account insufficient The search for methods improving the accuracy ob- 
tained when using arc great practical importance. With this aim view some techniques have been 
developed for the uniform introduction the test material into the evaporation zone the arc [1]. order 
eliminate the causes which give rise these errors, has been found necessary isolate the arc from the 
surrounding space placing protective atmosphere inert gas. Until recently, such light sources 
have been predominantly used for scientific The cells used for this purpose are relatively simple 
are characterized appreciable consumption inert gases 


developing for series analyses had mind above all the problem cutting down the 
amount the gases used for creating inert atmosphere. addition, the construction the cell should 
such that would allow rapid assembly and handling during changing electrodes and samples. 


The amount gas used was cut down using the same gas several times, this being achieved forced 
circulation the gas closed system, consisting the cell, system filters for purification,and pump. 


During the development this apparatus the parts the setup were modified several times. 
The cell used the moment that depicted Fig. was designed for use with test material, either pre- 
pared the form heat resistant mouldings, placed ir. the with small diameter the 
so-called The arc bums the small space between electrodes and The whole 
divided into upper and lower part the base 29. The upper part, turn, consists two detachable parts. 
means stands, not shown the diagram, the elements the upper part are fastened together, and the 
base bayonet The joints are packed with gaskets and 28. The test sample fixed 
clamp 10; centered along the axis electrode the projecting part detail This detail elec- 
trically insulated from the other parts and has flange for better removal heat from its upper working part. 
The lower electrode fixed hollow the base light 


The arc struck bringing the electrodes into contact. Both during the time preliminary firing, 
and during photographing the spectra, the sample and uniformly fed into the canal the 
lower electrode The mechanism used for ensuring this uniform supply sample into the arc (this mecha- 
nism not shown the diagram) makes possible regulate the lifting the molding uniform speed 
0.01-0.10 The movement from the supply mechanism transmitted the coupling rod 11, 
which fitted with gasket the place where comes out. Technical nitrogen fed rate about 
mi/second into the electrode canal the same time the sample. Sweeping the electrode surface 
the gas favors complete transfer the vapor the test material into the gap and ensures more stable burning 
the arc. The gas used for sweeping, which passed through canal the base (not shown the dia- 
gram) into space and, after passing through series distribution points detail appears the 
surface the electrode. 


considerably larger amount gas used for sweeping the cell which burning takes place The 
gas used for this purpose passes through separate canal base into the distribution cell 30, from which 
passes through small openings arranged the periphery the electrode base the form gas jets flowing 


then passes into the firing cell where the discharge flows along the periphery from all sides, order tocreate 


= 


Arc lamp for spectrographic analysis powders. 


the conditions under which the gas sweeps the arc the best possible way, the annular gap also participates, 
through this gap, the gas together with the discharge products are sucked from the cell. Sweeping the arc creates 
the best conditions for the passage the radiated arc light through the upper, colder layers the arc discharge. 
Nitrogen, argon, and helium were tested for production protective atmosphere. For daily work nitrogen was 
used, this gas being introduced into the system the rate 100 minute. Excess the gas formed the set 
lead away through ventilator. Thus only part the gas circulating through the cell renewed after each 
cycle. 


The discharge cell fitted with four quartz windows, through one which the light directed onto the 
spectrograph slit. The window separated from the cell comparatively narrow and deep niches, which decrease 
the possibility formation deposit from particles condensed test material. The efficient gas sweep and the 
niches permit the window brought appreciably nearer the arc, and this turn means that possible 
decrease the size the whole setup. The use water cooling for all those places which are subjected the 
action the hot arc also favors the use smaller apparatus. The gas sucked the discharge cell passes 
into the intermediate cell 32, from which directed through nipple into the filter used for its 


The upper electrode the form carbon rod diameter and about long. The use 
current 6-7 amperes with such thin electrode meant that was necessary develop special apparatus 
order maintain the mobility the electrode. The electrode itself fastened metal case means clamp 
17. The upper part the mounting can connected with stay which connected with the feed mechanism 
the upper electrode (not shown the diagram). Using this mechanism, the arc struck, and the arc distance 
kept constant. Every time the upper part the setup dismounted (for recharging) the connection between the 
electrode and the feed mechanism destroyed, this sufficient free screw 14, and, turning the stay 
take out the engagement. The current electrode supplied system six graphite brushes with 
crosss section 0.5 mm. Each brush component part elastic graphite attachment (1). The degree 
pressure applied the brush regulated rotating band the conical which, resting the shoulder 
the attachment, ensures their displacement towards the center. 


All details the upper electrode are electrically insulated from the remaining parts the setup means 
the ebonite details and The electrode not changed until has been used up. practice, for photo- 
graphing one spectra for long burning period the arc minutes, not more than the electrode 
used up. 


Part the gas circulating the system passes into the discharge cell from the side the upper electrode, 
and prevents condensation the vapors the test material the cold parts the electrode. For this purpose, 
the gas passes into the distribution through nipple 22, and from there, through several openings, into gap 
25. 


The use unusually thin upper electrode with diameter only not accidental. known 
that the shift the cathode spot strongly affects the shape and the radiating aic cloud. The only 
possible way stabilizing the position the cathode spot keep the operating part the electrode suffi- 
ciently high temperature. The normal method, which consists sharpening comparatively thick electrode, does 
not answer this requirement, since, burns out and becomes blunt, the amount heat removed from the sharpened 
part increases, the temperature drops, and the spot begins shift. Nevertheless, one takes electrodes with de- 
creasing diameter, some cross section possible obtain position such that the out 
electrode does not lead increase the amount heat which removed from the operating part. further 
decrease cross section not desirable, since the electrode wears out more rapidly account overheating. 


For amperes arc, operating air, the critical diameter the electrode about mm. For closed 
arc operating amperes, atmosphere technical nitrogen, mm. The shape and dimensions 
the lower electrode were chosen that they would ensure stable spindle-shaped discharge. 


When work carried out protective atmosphere, the lower electrode maintains its dimensions for long 
time, thereby ensuring stable regime for arc burning. for the upper electrode, the insignificant amount 
wear which this electrode undergoes has effect the arc regime, since the distance between the electrodes 
kept constant. 


Realization continuous and uniform suppiy test material into the discharge one the most import- 
ant factors ensuring stable excitation conditions during the whole time the exposure. Thus, the apparatus 


described, many the reasons, which the case other light sources would have led the break down eva- 
poration conditions the test material, and the excitation spectrum, have been eliminated. More favor- 
able conditions have also been created for the passage the radiation through the absorbing regions the dis- 
charge. 


Fig. Gas filter. 


For its capacity giving prolonged stable radiation, the source light obtained has been called are 
lamp. This not new term technics; is, however, new the field emmission spectrographic analysis, 
since closedsources light with continuous supply test material are not known. 


the one hand, working with closedarc has still one further advantage, namely that completely ex- 
cludes the effect the variable factors the surrounding atmosphere (composition, contamination, presence 
currents); while the other hand, the use arc lamp not accompanied the appearance any disadvant- 
ages, and, more time spent changing electrodes and samples than other systems. 


For ensuring normal operation arc lamp number setups are used, particular, the mechanisms for 
adjusting the upper electrode and for supplying the sample (moldings special importance the 
filter used for purifying the gas, and the pump used for circulating the gas the lamp 


The construction the filter shown Fig. the filter consists grooved drum around which roll 
filter paper wrapped. The drum placed hermetically sealed cell and slowly rotated means 
Warren motor. The gas purified passed through opening ,and, after passing through the filter paper, 
freed from solid impurities. Subsequently, having passed the openings into the drum grooves, the gas passes into 
the central canal the drum, and passes cut the filter through nipple The part the deposit forming 
the drum cut out with knife and falls into bunker from which can removed when necessary. The re- 
maining thin layer deposit plus the filter paper forms the filtering element the setup. Window enables one 
the werk the filter. 


pump used for sucking out the gas used inthe arc lamp, for propelling itthrough the filter, and com- 
pressing for repeated use. Normal laboratory industrial pumps could not used for this purpose since they 

not satisfy the requirements. The efficiency the pump needed for the lamp not high and need not exceed 

liter/ minute; should supply uniform gas flow. The construction the pump used for the work shown 

Fig. The electric motor rotates intermediate shaft with eccentric 13. The latter connected through 
coupling rod piston The gap between piston and cylinder covered bellows 


=. ori 


Fig. Diagram the pump. 


the chambers and the pump head are fitted valves made from fine, elastic foil. The gas passes 
from the pump into reservoir, which, the result the elasticity the belows 10, pressure pulsations are 
smoothed out. 


i 
N 
aw 


The filter layer ensures complete freedom the gas from accidental contamination. The gas feeding 
chamber the pump passes into the same reservoir, thereby ensuring smoothing out the intake 


branch the system. The comparative simplicity construction, and the absence friction the chief points 
ensure continuous and stable pump operation. 


All the parts serving the arc lamp, well the fittings used for directing and controlling the various oper- 


ations, can fitted into apparatus which can set the spectrograph track. Fig. gives idea the 
first attempt along these lines. 


Fig. Arrangement the arc lamp and the setups used for serving 
common chassis (cover removed). 


noted already, one the aims the work described here was increase the reproducibility arc 
discharge. When the test material was glass, the mean arithmetic error for blackening differences proved 


approximately 0.01 for all the test elements 0.01; ASMg/ 


Thus taking several photographs the spectrum for each sample possible work with relative 
error not exceeding possible determine all oxides from the general spectra. The slopes the calibra- 
tion curves for various elements practically coincide with each other. 


remains point out that the arc lamp general application, and means evaporation con- 


siderable number various materials can realized, the same techniques being used each case. 


SUMMARY 


arc lamp has been developed for the spectrographic analysis powders carbon use 
made the following protective atmosphere used which protects the electrodes from rapid 
wear; the test material fed continuously into the discharge through anode canal; permanent self- 
sharpening upper electrode used; the amount inert gas cut down using the same gas repeatedly 
after has been special filter; the blown along the periphery gas whose circula- 
tion ensured pump; dismantling and subsequent assembling the apparatus for changing samples and 
electrodes can carried out rapidly. 
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DETERMINATION GALLIUM MINERALS MEANS THE RHODAMINE 
PHOTOMETRIC METHOD 


Institute Mineralogy, Geochemistry, and Crystallochemistry Rare Elements, Academy Sciences, 
USSR, Moscow 


The main disadvantage reactions which methods determining small amounts gallium are 
based their low selectivity. Separation gallium carried out multiple extraction from hydrochloric acid 
solutions its chloride means ether [1-4], amyl acetate and this complicates work considerably when 
carrying out mass analyses. 


have improved the method for the quantitative determination using rhoda- 
which Onishi and way, that the operation involving preliminary sepa- 
gallium from accompanying elements can omitted. can determined minerals inde- 
pendently the iron and aluminum contents the When gallium ions interact with rhodamine 
colored rhodamine chlorogallate formed which extracted with benzene. The presence upwards 
0.5 can detected the appearance red-violet color the organic layer, below 0.5 the 
presence gallium shown the orange-yellow fluorescence. Interference the part 
and can eliminated addition titanium trichloride the original solution; other 
foreign ions, with the exception not interfere with the detection and determination gallium. 


Quantitative determination gallium method [6] (without preliminary extraction) hindered 
the low value the extraction coefficient rhodamine chlorogallate benzene, and its dependance 
the composition and impurities solution. established that mixture ether and benzene 


has greater capacity for extracting the rhodamine complex gallium from its hydrochloric acid solution, than 
either benzene ether alone. 


The extraction curve for rhodamine chlorogallate from (diagram) exhibits clearly defined maxi- 
mum corresponding 100% transfer the compiex into the organic layer, volume ratio ether benzene 


Percentage extraction the rhodamine complex gallium mixture volume ether and volumes 


benzene practically independent the content impurities. The extraction action the ether-benzene 
mixture rhodamine chlorogallate, is, presumably, similar the dissolving solid material 
liquids, which when taken separately, not dissolve this material all. Thus, Grinberg and 
that the salt while practically insoluble water and dry acetone, readily aqueous 
acetone, the value the solubility given temperature depends the ratio between the amounts ace- 
tone and water. Maximum solubility observed content 61.7 acetone the system 
This has been explained the presence affiliated solvation, i.e. type solvation which 
one part the complex molecule the compound dissolved preferentially solvated one the mixed 
solvents, while the other part the molecule solvated the other component the mixed solvents, and the 
sum the partial energies solvation the separate components the given compound exceeds the energy 

the crystalline lattice, consequence which the salt dissolves. 


The use benzene-ether mixture for extracting the rhodamine complex gallium permits visual 
metric determination for gallium content. the test material 0.2 with accuracy 0.1 from 


The relative error such determinations amounts 10-15 The minimum amount 
gallium which can detected the the color the layer equal 0.1 ml. 


The method developed has been tried out 


more than 200 samples mine- 
bauxites, natrolites, nephelines, sphalerites, 
pyrite-gallenites, etc. The minimum content 
gallium which can means the 
rhodamine method, without resorting preliminary 
separation gallium from accompanying elements, 
amounts (in the case sulfide ores, natrolites, and 
ten thousandths percent, and the 
case bauxites and certain thousandths 
percent. 
Results gallium content minerals, which 
Ether were cbtained means the rhodamine method, 
were compared with results obtained the method 
(in Lukin and coworkers [5], and also with the results 
Curve extraction rhodamine measurements alsc carried out the same 
chlorogallate mixture ether and benzene mine method, but with the inclusion the operation 
(the composition the mixture given carrying out preliminary separation gallium 
volume from other elements (Table). Gallium separated 


from the other elements extraction its chloride 
with the results the table show, the extent the deviation the does not exceed the ex- 
perimental error which 10-15 


Determination Gallium Minerals 


Gallium found, 


anyin 
Mineral method with 
elements 


gallion 


Natrolite Fe, 0.02 0.02 
Nepheline [AISiO, Fe, Ca, 0.01 0.01 

Sphalerite ZnS Pb. Cu, Fe. 0.06 

ZnS Si, Pb. Cu, Fe. 0.027 

ZnS Pb. Cu, Fe. 0.04 

ZnS Si, Pb. Cu. Fe. 0.025 


ANALYTICAL PROCEDURE 


sample bauxite silicate (0.25 fused with for minutes 1000°. Large amounts 
sodium carbonate are not recommended. The melt leached and neutralized with excess hydrochloric acid, the 
mixture then evaporated water bath dryness, the residue moistened with drops concentrated 
and dissolved water, the solution transferred standard flask and its volume made 
the mark with hydrochloric acid,sp.gr. 1.19. When these instructions are followed the solution obtained will 
with respect HCl. After standing, after the solution has been filtered through dry the 
transparent solution transferred colorimeter 


Sulfide minerals (sphalerites, gallenites, pyrites, and chalcopyrites) are dissolved different way. 
aliquot the mineral (0.1-1 placed beaker and dissolved boiling concentrated (10-15 ml) 
and adding hydrogen peroxide The solution evaporated dryness water bath, and the residue 


taken for further work. 


During analysis pure sphalerites and gallenites, 0.1-1 the mineral boiled under funnel 
conical flask with 17-20 hydrochloric acid for 5-10 minutes. The transparent, cold solution transferred 
standard flask, the conical flask being rinsed out with and the solution then made the 


standard color scale prepared transferring gallium solution which with respect into 
colorimeter tubes with ground glass stoppers, amounts containing 0.2, 0.3, 0.6, and 10y 
gallium. The volume each solution made with HCl. these solutions, and also the 
standard solution, added 0.5 solution and sp.gr. 1.19, and after minutes, 0.4 
rhodamine added (0.5 and the whole thoroughly mixed. 


For iron contents greater than 200 mg/ ml, the solution test material, solution, 
and sp. gr. 1.19 should taken. The amount rhodamine remains the same before (0.4 


1.5 benzene and 0.5 ether are added each tube extract the gallium complex. The tube and 
its contents are shaken for 1.5-2 minutes, and, after separation the aqueous and organic layer (5-10 minutes), 
the color the benzene-ether layer standard and test solutions compared transmitted light. 


The standard solution prepared treating 0.1 gallium metal with aqua regia conical 
flask under funnel, gentle heat being used. The solution obtained evaporated dryness. order remove 
standard fiask. The solution obtained diluted with hydrochloric acid. suitable concentration for work 
SUMMARY 


photometric method has been developed for the determination small amounts gallium, which 
thodamine chlorogallate extracted with mixture volume ether and volumes benzene. 


means this method possible determine gallium bauxites, silicates, sphalerites, 
pyrites, gallenites, and other gallium-containing minerals, with error 19-15 without separating the gallium 
from accompanying elements. 
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NEW REAGENT FOR THE DETERMINATION 
GALLIUM GALLION 


COMMUNICATION THE EFFECT SUBSTITUENTS THE PROPERTIES ORGANIC REAGENTS 


All-Union Scientific Research Institute Chemical Reagents, Moscow 


Information the effect the analytical properties various organic reagents used for 
determination cations very plentiful (see for example [1-33] All the same this question has not been 
studied sufficiently the case series azo compounds. The objects the present study were mono azo dyes 
containing the group [I] the characteristic (functional-analytical) group. the numerous 
representatives this series compounds, settled those which were obtained coupling diazo compounds 
obtained from o-aminophenol and its derivatives with -naphthol and its sulfonic acids, with chromotropic and 
H-acids, and with series other azo compounds. the present article shall deal only with results obtained 
the case compounds formed coupling (in alkaline media) with H-acid. The substituents used were NO,, 
and Cl. For this work chose only those mono- and disubstituted o-aminophenols (Tabie which con- 
tained the substituents indicated, the ortho- and para positions with respect the hydroxyl group (in formula 
(Il) these places are denoted 


Coupling the diazo compounds obtained from the listed substituted o-aminophenols and from 
phenol itself, with H-acid sodium carbonate medium did not lead any special difficulties; many the 
dyes which were synthesized have already been described, accordingly, shall not dwell their synthesis. All 
the azo compounds were prepared chemically pure state various techniques. 


Compound itself great interest reagent. All the same, tumed our attention the fact 
that aqueous solutions this compound acid medium change color appreciably interacting with 
gallium (from raspberry color reddish-violet color) (Table 1).On these grounds decided 
the effect substituents series derivatives compound and concentrate mainly their interaction 
with gallium, particularly since only few sensitive color reactions are known for gallium 


Results obtained during the study all the materials synthesized are collected together Table The 


the term mean any group atom introduced into the molecule the original reagent 
substitution hydrogen atom its skeleton, irrespective their arrangement, and the nature their parti- 
cipation interactions with certain cations. 

These substituted o-aminophenols were kindly placed our disposal Vorontsov, whom extend 
our sincere thanks. 
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TABLE 


Characteristics the Color Reactions which Occur During Interaction Azo Dyes Obtained 
from H-Acid with Gallium 


Contrast color reactions 


Color solution 


Reddish- Poor (little 
violet contrast) 


scale 


Blue-violet Worse than 
Nos. and 


Violet-blue scale 


Light blue 


Violet-blue 


NH, 


test 
Blue Poor 
Poor 
Blue 0.2 Good 
Poor 


TABLE (continued) 


without 


Orange- Blue 0.75—4 Poor 
raspberry 
Violet-blue 0.5 Worse than 


experiments were carried out mixture solutions acetic acid and urotropine (pH about 
more efficient buffer mixture was found). The color achieves its maximum room temperature after 4-5 minutes, 
while 98-100° maximum color reached minute. 


Analysis the results obtained shows that, the nature, number, and position the sub- 
introduced have essential effect the analytical properties the derivative; nitro group inthe 
ortho position with respect the hydroxyl group exhibits negative influence the analytical properties; 3)the 
shown Nos. and are the most interesting reagents for gallium, since they have the high- 
est sensitivity for this element, there being little difference between the sensitivities these four compounds, 
further, they give scale which exhibits sufficient contrast, the scale differs from one the other; 

these four compounds, two (Nos. and possess the greatest interest from the point view the photo- 
metric determination gallium, particularly with respect scale contrast; turn, these two compounds 

and particularly view differences scale contrast, gave preference No. whose solutions showed 
somewhat greater stability than those No. Karanovich has confirmed that compound No. does 
actually have some advantage over compound No. and interest for the photometric determina- 
tion gallium (particularly the case certain rocks). This compound, i.e. 2-hydroxy-3-chloro-5-nitrobenzene- 


H,N 


Thus, the present work has shown that, certain cases, substituents may have considerably greater influence 
than might have been expected the basis published results [31, 42, 43, 44, 45). 


have anexample therefore the present work case where compound which does not possess valu- 
able analytical properties, and which, accordingly practical importance, being converted into fairly valu- 
able reagent the introduction substituent. worth pointing out that chose objects our research 
compounds containing the reacting whose “nonspecificity according published results should 
prevent the wide application azo compounds analytical precisely this 
series compounds that the introduction substituent leads the creation reagent for gallium. Finally, 
the results which have obtained not demonstrate any new principle. that have done extend 
the results investigations into the effect substituents materials which have not been studied previously. 


This issued the chemical industry under the name 


= 


Hitherto, the best reagent, the large number reagents which have been described the literature [34- 
and 47-57] for the photometric determination gallium, has been 37]. Comparison the 

new reagent with quinalizarin has also been carried out Karanovich [41] who demonstrated the advantages 
gallion over quinalizarin. 


SYNTHESIS GALLION® 


were unable find description the synthesis gallion. 


1.88 2-amino-4-nitro-6-chlorophenol, which had been recrystallized from water, and had melting 
point 163-164°, was added mixture 1.5 concentrated hydrochloric acid and water. The 
suspension obtained was diazotized room temperature addition solution 0.7 sodium nitrite 
water, the reaction being controlled the usual manner. The diazo compound, which was obtained the form 
straw yellow suspension, was kept for minutes, and then added solution 3.9 H-acid (the mono- 
sodium salt) 10% carbonate; the diazo compound was added, the reaction mass acquired 

brownish-violet color and thickened considerably 


the result the formation precipitate the reaction 
product. hours after coupling, the black-violet reaction 
mass was filtered, the precipitate was then reprecipitated 
twice dissolving water heating, and then acidi- 
fying. The first time the precipitate was dissolved 
140 water and the solution filtered while still hot from 
possible insoluble impurities, the hot violet filtrate was 
acidified with concentrated hydrochloric acid until the 
solution gave acid reaction Congo paper. The 
second time, the bright red precipitate formed was dis- 
solved 200 boiling water, and the red solution 
obtained was acidified with concentrated hydro- 
chloric acid. The precipitate was again filtered off and 
dried (for analysis, 3.5 reagent was 
obtained. The preparation obtained was practically free 
from sodium. 
Found 12.34; 12.55; 6.83; 6.93. 

400 520 560 720 The product obtained brick-red, fine, crystalline 
powder; its aqueous solutions have bluish-raspberry color, 
Absorption curves for 0.001 aqueous hydrochloric acid the color this solution bluish- 
solutions solution gallion violet, sodium hydrexide the color violet, 
water (pH about 4.0); about sodium carbonate the color bluish-violet, etha- 
2.5; about 11.5; solution nol and concentrated sulfuric acid the color rasp- 
gallion about 2.2. berry, while acetone, benzene, and carbon tetrachloride 


the product practically insoluble. 


Absorption for aqueous solutions the reagent three values, and for solution its interaction 
product with gallium are given the diagram. 


SUMMARY 


study the effect substituents the analytical properties series azo dyes has shown that, while 
the product obtained coupling H-acid alkaline medium with diazo compound derived from o-amino- 
phenol has analytical value, some its substituted derivatives are suitable (from the point view sensiti- 
vity, contrast, color stability, and other properties) for the photometric determination gallium; these substi- 
tuted derivatives has been found that the most valuable reagent for gallium the product obtained coup- 


with the compound obtained from chlorophenol; this compound which has 
-disulfonic 


the introduction substituent the case studied, changes analytical properties have been 
compared with the unsubstituted compound which practical value, such that, even the case 
reacting group with low specificity, the original compound has been transformed into valuable reagent. 
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PHOTOMETRIC DETERMINATION TANTALUM TITANIUM AND ITS ALLOYS 


MEANS ARSENAZO REAGENT 


Nikitina 


During determination tantalum and niobium various materials, the most difficult problem their se- 
paration from titanium. Titanium, rule, reacts with the same reagents the metals mentioned. During pre- 
cipitation acid hydrolysis, precipitation with phenylarsonic acid, tannin, and pyrogallol, titanium always co- 
precipitated with tantalum and niobium, and this requires repeated reprecipitation order free these metals 
from titanium eventhen still necessary correct for trapped titanium the final result. Deter- 
mination tantalum titanium alloys made even more difficult the result the unfavorable ratio tan- 
talum titanium. During precipitation tantalic acid titanium alloys acid hydrolysis, hydrolysis 
with pyrogallol phenylarsonic acid and other materials, results are obtained for tantalum. 


Titanium also interferes with the photometric determination tantalum means pyrogallic acid [21, 
and tantalum must separated beforehand. 


The present article contains description method for the photocolorimetric determination tantalum 
titanium alloys, background titanium, means the reagent arsenazo, which there need 
out preliminary separation tantalum. 


The Color Reaction Tantalum with Arsenazo. Arsenazo, benzene-2-arsonic acid 1,8-di- 
acid, has been recommended reagent for the photometric determination 
the rare-earths quadrivalent vanadium zirconium [5], aluminum [6], and 


Tantalum compounds form colored compounds with colored organic reagents the type acid so- 
lutions. 


Pyrogallol and arsenazo [3] also, are organic reagents this type. 


Arsenazo has rose color netural and acid aqueous solutions; the presence tantalum, the case 
niobium, the color changes violet. 


The color reaction between tantalum and arsenazo form colored complex only occurs strongly acid 


media atpH The colored soluble complex between arsenazo and tantalum formed room temperature im- 


mediately addition arsenazo the acid solution tantalum. 


contrast the color reaction tantalum with aluminon, tantalum forms colored compound with arsen- 
azo both acetic acid medium and hydrochloric and sulfuric acid media pH< such cases, 
where the solutions contain hydrochloric acid, hydrolysis the tantalic acid observed the presence 
arsenazo long standing (for hours). 


The maximum color intensity the complex solutions containing acetic hydrochloric acid (Table 


The color the tantalum complex with arsenazo stable, readily reproducible, and completely suitable 
for colorimetric determination tantalum, when hydrochloric acid solutions are used. 


Increase the acidity the solution within the limits 0.1 with respect hydrochloric acid 
does not hinder formation colored complex tantalum with arsenazo; the optical density the solution 

remains practically constant for 0.03-1 tantalum. For tantalum contents 0.03 the reaction be- 
tween the intensity the colored complex tantalum with arsenazo and its concentration iinear (Fig. 1). 


TABLE 


Relation between Optical Density and Nature the Acid 


Tantalum taken, 


density the medium 


The reaction between tantalum and arsenazo much more sensitive than the reaction this metal with 
pyrogallol; means the reaction with arsenazo possible, the case with aluminon, determine 
0.3 tantalum. Tantalum only forms colored soluble compound with arsenazo strongly acid solutions, 


consequently not essential convert tantalum pentoxide into soluble potassium tantalate fusing with 
potassium 


Since there are simple compounds 
and which are soluble aqueous media, 
possible, order get the colored compound with arsen- 
start fiom solutions potassium tantalate potas- 
sium carbonate, indicated Addition solution 
talate prevents deposition tantalic acid during subsequent 
addition hydrochloric acid; the presence arsenazo, 
during neutralization with hydrochloric acid, the soluble 


Optical Density 


When acid tartrate citrate solutions tantalum 


Fig. Relation between the (see below) are used, the colored compound formed 
color the tantalum-arsenazo addition arsenazo solution hydrochloric 
complex and tantalum concentra- acid 

tion, the absence complexing 

agents. Photometric determination tantalum with arsenazo 


best carried out the basis the mixed obtained 
from excess reagent and the violet color the tantalum complex. The mixed color obtained adding 


TABLE 


Determination Tantalum with Arsenazo 


Tantalum Tantalum taken, 


Tantalum taken, 


Tantalum found, 


0.038-0.036 0.32-0.33 

0.06-0.06 0.54-0.56 

0.10-0.10 0.68-0.70 
0.15-0.15 1.10-1.0 


0.21-0.23 1.45-1.50 


Fig. are shown light absorption curves for solutions the complex formed between tantalum and the 
reagent. Maximum light absorption the tantalum complex hydrochloric acid solutions observed 580 


0.14 0.24 0.23 0.18 
0.28 0.36 0.35 0.26 
0.20 


when using yellow orange filter. this spectral region, the solution pure arsenazo exhibits minimum light 
The color intensity the tantalum complex with arsenazo measured means FEK-N 
photocolorimeter with No. light filter. Table contains the results photocolorimetric determinations carried 
out means arsenazo amounts tantalum ranging from 0.03 1.4 hydrochloric acid media. 


The values given Table show that the results obtained photocolorimetric determination 
talum with arsenazo exhibit good reproducibility. 


Influence Complexing Agents the Reaction Tantalum with Arsenazo, Various compiexing agents 
present solution exhibit different effects the reaction tantalum with The oxalate and fluoride 
complexes tantalum are more stable than the complex the latter with arsenazo room temperatures; 
the presence these complexes,therefore, that with arsenazo not formed. Nevertheless, heating the solu- 
tion 100°, the oxalate complex tantalum partially breaks down, and, addition arsenazo under these con- 
ditions, the color the complex formed between tantalum and arsenazo appears (Table 3). 


The tartrate and citrate complexes tantalum 
are less stable acid than the oxalate and 


fluoride complexes, and also less stable than the arsen- 
azo complex. 
Tartrate and citrate solutions tantalum, con- 
taining arsenazo solution break down completely 
room temperature, and more rapidly 100°; under 
these conditions, the color the tantalum compound 
with arsenazo develops quantitatively hydrochloric 
acid media (Table 3). 
tion tantalum can carried out from its tartrate 
Fig. Light absorption curves solutions and citrate solutions, without resorting preliminary 
the complex tantalum and conversion tantalic acid into potassium tantalate. 


The relationship between the intensity the 


color and tantalum concentration solution containing tartrate shown Fig. the range 0.03 0.8 
tantalum, the intensity the color the complex conforms the Lambert Beer law. 


TABLE 


Development the Color the Tantalum Complex with Arsenazo the 
Presence Masking Agents 


Optical density the 


Complexing agent plex with arsenazo 


Hydrofluoric acid 
Oxalic acid 
Tartaric acid 


Citric acid 


During photometric determination tantalum means arsenazo solution containing tartrate, the 
concentration free tartaric acid great importance. The presence tartaric acid depresses the color in- 
tensity the complex tantalum with arsenazo (Figs. 3), and the case excess tartaric acid, 


0.14 

0.0002 0.28 

0.01 0.14 0.07 

0.28 

0.02 0.14 0.05 0.09 

0.28 0.18 0.21 

0.02 0.14 0.07 0.11 

0.28 0.21 0.24 


the solution may completely decolorized. The lower the content free tartaric acid solution, the more 
intense the color the tantalum complex. During quantitative determination tantalum with arsenazo so- 
lutions containing tartrate, essential keep the concentration tartaric acid constant. 


the experiments described below (Table the photocolorimetric determination tantalum, and also 
for the construction calibration curve (Fig. 3), solution tartaric acid per 100 solu- 
tion was used. 


Table contains obtained during the photocolorimetric determination tantalum means arsenazo 


Table shows that the results exhibit good reproducibility. 


Experimental Procedure, 0.05 pure tantalum oxide was fused with potassium pyrosulfate and the 
water. The solution was transferred 200 stan- 
dard flask and made the mark with water. 
quot solution containing from 0.03 1.0 tan- 
talum was pipetted into another standard flask with 

Fig. Relation between the color the were then added. This solution was heated the 

then cooled, and made the mark with water, 
tantalum-arsenazo complex and tantalum 

concentration the presence tartaric color intensity was measured with yellow-orange filter 

(No. FEK-N) The tantalum con- 
acid. 

tent was found means calibration curve constructed 

under the same 


Optical Density 


TABLE The Effect Titaniura the Formation the 


Determination Tantalum with Arsenazo Tantalum-Arsenazo Complex. Titanium room tem- 
Solutions Containing Tartrate perature gives violet color with arsenazo hydrochloric, 
sulfuric, and tartaric acid solutions with Tests 
Tantalum taken, Tantalum found, showed that increasing the acidity the solution 
0.5, room temperature, and even more rapidly 
100°, the color the titanium complex with arsenazo 
completely 


Fig. are given light absorption curves for 
solutions the complex formed between titanium and 
titanium will not interfere with determination tan- 
talum means arsenazo. Actually, medium 
hydrochloric acid, and heating 100°, the 
complex tantalum with arsenazo formed quantita- 
tively the presence titanium, the com- 
plex being decolorized under these conditions. amounts mg, titanium, strongly acid solutions, 
does not interfere with the formation the colored complex, but, does, nevertheless, de- 
press the color intensity insignificantly. Consequently, best construct calibration curve the presence 
5-10 When titanium present amounts excess mg, essential alter the condi- 
tions the photometric determination increasing the acidity the solution. The relationship between the 
color intensity the tantalum-arsenazo complex and its concentration, the presence 5-10 titanium, 
shown Fig. Under these conditions, the color intensity the tantalum-arsenazo complex proportional 
its concentration for amounts tantalum ranging from 0.05 0.8 mg. 


Table contains the results for the photocolorimetric determination tantalum the presence titanium 
means arsenazo. 


solution 0.01 titanium sulfuric and tartaric acids was added varying amounts tartaric 
solution tantalum, and the tantalum determined photocolorimetrically means The tantalum 
content was determined means the calibration curve which had been constructed means standard 


tantalum solution the presence 0.01 


TABLE 


Determination Tantalum the Presence 
Titanium 
(0.01 taken) 


Tantalum found, 


Tantalum taken, 


0.14 0.13-0.22 
0.28 
9.32 0.31-0.32 
0.56 0.56-0.58 
0.84 0.81-0.82 
1.10 


Density 


Fig. Light absorption curves solutions 
the titanium-arsenazo complex various 
values, for equal amounts reagent and 
titanium: 


Fig. Relation between the color 
the tantalum-arsenazo complex and 
tantalum concentration the presence 
titanium. 


The values given Table demonstrate the good 
reproducibility the results. Under the conditions de- 
scribed above, titanium does not interfere with the photo- 
colorimetric determination tantalum means 
arsenazo tantalum tartrate compounds. 


Experiments were next carried out direct de- 
termination tantalum titanium alloys, without re- 
moval titanium. Sulfuric acid was used our experi- 
ments, avoid hydrolysis tantalic acid during dissolv- 
ing the titanium alloys. The titanium alloys dissolved 
readily sulfuric acid, and, sulfuric acid concentra- 
tions hydrolysis was observed for contents be- 
low tantalic acid the alloy. 


Nitric acid and ammonium persulfate were used 
for oxidizing trivalent titanium when the alloys were dis- 
solved acid. the presence nitric acid, sub- 
sequent addition arsenazo solution, the color the 
tantalum complex did not develop completely and low 
results were obtained. Ammonium persulfate not only 
oxidizes trivalent titanium, but also prevents polymeri- 
zation tantalic acid the sulfuric acid solution, 
thereby favoring transformation the complex polymer- 
ized particles into true solutions into solutions con- 
taining low polymer compounds, When titanium alloys 
containing more than tantalum were dissolved 
sulfuric acid, tantalic acid was precipitated. Addition 
solution ammonium persulfate, with subsequent 
heating the turbid solutions, favors depolymerization, 
i.e., complete dissolution the precipitated tantalic 
acid. all subsequent work titanium alloys were dis- 
solved sulfuric acid with subsequent oxidation 
ammonium persulfate, the tantalic acid thereby kept 
completely solution. The precipitated acid 
can also dissolved evaporating the solutions the 
appearance white fumes sulfuric acid. 


soon the conditions had been found for getting 
tantalic acid into solution quantitatively during the dis- 
solving titanium alloys, experiments were carried out 
the photocolorimetric determination tantalum 
titanium alloys background titanium, sulfuric 
acid solutions containing tartrate. Results these ex- 
periments are given Table 


The results given Table show that the main 
bulk the titanium does not interfere with determina- 
tion tantalum means Determination 


tantalum means arsenazo using the conditions just described simple carry out, and can carried 
out background without preliminary separation the latter. 


Effect Other The presence titanium alloys aluminum amounts and iron 
1.0 does not interfere with tantalum determination means arsenazo. Iron amounts 
greater than 1.0 depresses the color intensity the tantalum-arsenazo complex, and, iron contents 


mg, the complex not formed. The alkali and alkaline-earth metals not interfere 


as - 
> 


with tantalum determination. Zirconium amounts less than 1.0 the solution taken for photometric measure- 
ments does not interfere with tantalum determination. 


TABLE Since niobium similar tantalum 
its chemical properties, and since also forms 
Photocolorimetric Tantalum complex with arsenazo [3], was necessary 
Titanium Alloys establish the behavior niobium toward 
arsenazo the presence tartaric acid. Tests 
Tantalum found snowed that the tartrate complex niobium, 
(in after sub- under the conditions used for tantalum determi- 
tracting the nation, also forms stable, violet 
amount added soluble complex with The sensitivity 
the same the case tantalum (0.3 ml). 
Titanium does not interfere with formation 
the niobium-arsenazo complex. Consequently, 
when niobium present well tantalum 
the titanium total tantalum and 
niobium determined. Niobium interferes 
with determination tantalum alone. 


Experimental Procedure for Determination 


sulfuric acid After the alloy has been 
dissolved the solution oxidized with 
ammonium persulfate solution until the violet 
color the solution changes orange. The 
solution heated until the solution colorless. 
the solution turbid the zesult 
lysis tantalic acid, essential add 
ammonium persulfate until the yellow color 
appears, and then the solution heated again until white fumes sulfuric acid appear and the precipitate tantalic 
acid has dissolved. tartaric acid added the cooled, solution. This solution trans- 
ferred standard flask and its volume made the mark with water. The solution thoroughly 
mixed. this solution pipetted into another standard flask with capacity 100 and 
water and arsenazo solution added. piece Congo paper placed the solution and sodium 
carbonate solution added until the blue color the paper changes red (for neutralization the sulfuric acid); 
colorimeter cell. Measurements are carried out using orange filter (No. FEK-N). The tantalum content 
determined means calibration curve. The calibration curve constructed the basis 
mined parallel under the same conditions. Readings for the blank test are subtracted from the readings ob- 
tained for the test solution. 


The color the tantalum compound stable for long time, but sulfuric-tartaric solutions the titanium 
alloy which contain tantalum should not stand for more than hours. best take aliquot part the test 
solution the same day that the titanium alloy dissolved acid. 


SUMMARY 


photocolorimetric method has been developed for determination tantalum means the reagent 
arsenazo tartrate solutions. Arsenazo forms soluble, violet colored compound with tantalum strongly acid, 
preferably hydrochloric acid solutions. The tantalum-arsenazo complex formed tartrate and citrate solutions, 
and stable heating 100°, 


has been found that the complex formed between titanium and arsenazo completely destroyed 
strongly acid hydrochloric acid solutions, and does not interfere with the photocolorimetric determination 
tantalum with arsenazc from the tantalum tartrate complex. 


2.0 


and rapid method has been developed for the photocolorimetric determination 1-15 
tantalum means arsenazo titanium alloys, without preliminary separation titanium. 
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ORGANIC COPRECIPITANTS 


COMMUNICATION COPRECIPITATION URANIUM DURING ITS DETERMINATION SEA WATER® 


The Institute Geochemistry and Analytical Chemistry, Acad. Sci. USSR, Moscow 


The present article contains description the coprecipitation uranium from sea water, with its simul- 


taneous separation from salts dissolved the sea water. number elements, which are present sea water 


very concentrations, are coprecipitated with uranium. 


The uranium content sea water small that its direct determination the water itself, the dry 
residue left after evaporaticn, has not been achieved. Various techniques can used for preliminary concentration. 
Small amounts uranium can separated precipitating with ferric aluminum hydroxide [1, with 
and aluminum method was described recently [4] for concentrating uranium means 
dibutylorthophosphoric acid. Coprecipitation with organic coprecipitants particularly suitable. 


the presence excess thiocyanates, uranium forms weakly dissociating thiocyanate anion 
acid media, consequence which, accordance with the general rules [6, uranium can 
coprecipitated with the precipitates the sparingly soluble thiocyanates heavy organic cations, such the 
thiocyanates the called basic dyes (Methyl Violet, Crystal Violet, Methylene Blue, Rhodamine, Safranin, and 
many others). uranium the thiocyanate anion proceeds quantitatively even from very 


uranium (Table 1). 


TABLE 


Coprecipitation Uranium with Methyl Violet Thiocyanate 
from Solutions Pure Uranium Salts 

(Volumes the original solutions 100-1000 ml; 2.5 
Methyl Violet were added each 100 solution) 


Dilution 


Experiment number coprecipitated, 


100; 100; 101 
100 
100 
100; 101; 101 


The results given Table were ob- 
tained during from pure solu- 
ticns uranium means the method described 
below. Determinations were carried out radio- 
metrically using the radioactive isotope U™, 
which with half-life period 
1.6 10° years. When ordinary 
(standard issue) with disc diameter 
was used, gave 2200 impulses/ 
nutes, for the geometry used. This permitted 
the determination down 0,04 that 
when working with volumes liter was 
possible investigate the coprecipitation 
uranium from its solutions dilutions 
The organic precipitates were 
ashed muffle 500-600° No. por- 
celain crucibles; the latter were the short 


type with height about and upper diameter about mm. 


Purification Reagents 


Precipitates Methyl Violet thiocyanate coprecipitate uranium effectively during their 


Communication Coprecipitation Bi, Anal. 11, 686 (195€). 


{ 

2-4 

1-9 


that this technique can used for purifying the reagents used from 


Completeness purification was checked two solutions and were prepared. 


500 water 500 water 
4.5 inl approximately 11.5 4.5 approximately 11.5 
Violet NH,SCN 


each solution was added amounts corresponding 750 calculated impulses per minute, 
solution was poured into another vessel, and the residue was added slowly, with stirring, 
solution The solution poured off was, the same way, added the residue solution both 
cases, dark precipitates (No, and No. were formed, these were filtered carefully twice, after which the cor- 
responding filtrates were result this mixing large precipitate (No. was formed, this was also 
filtered off, and then ashed; the activity the residue from precipitate No. was equal impulses, which 
corresponds less than the activity introduced. 


The purification technique employed therefore guarantees complete removal uranium from the reagents 
used, Experiments Nos. 7-9 Table were carried out with reagents which had been purified this way. For 
these experiments two solutions were prepared corresponding composition solutions and (500 water 
the filtrates obtained careful filtration the precipitates formed, was added the requisite amount 
and coprecipitation realized mixing these solutions. 


TABLE 


Coprecipitation Uranium with Methyl Violet Thiocyanate from Salt Soluticns and Sea Water 

(Volumes original solutions 400 ml, except for experiments Nos. 11, 12, 16, 17, 26, and 27, where the volume 
was 1000 ml; the experiments designated after the had been adjusted the mixture was heated 
water bath for one hour) 


No, Uranium coprecipitated 
Dilution the 
ment, determination, determination, 
introduced 


Salt solution 1:1-10° 
Salt solution 
Salt solution 
Salt solution 


1:1-10° 


Salt solution 
Salt solution 
Salt solution 
Salt solution 
Salt 
Salt solution 
Salt solution 
Salt solution 
Salt solution 
Salt solution 
Distilled water 
Water from the Japanese 
Water from the Japanese sea 
Water from the Japanese sea 
Water from the Pacific 
Water from the Pacific 


o 


1:2.8-10° 
10° 96; 96+, 100+ 


1:5-10° 
Uranium was determined the fluorescence method Leonova (GEOKhI Acad. Sci. USSR). 


> 93 
04 — 
0.4 100 
0.4 
0.4 
0.4 
0.04 
11-12 0.1 95; 
13-15 0.4 96+; 100+ 
16,17 96; 100 
23-25 0.4 
2.2 


Separation from Sea Water 


The sea water usually about 7-8. this pH, uranyl fons should present the hydrolyzed form, 
Uranium may also adsorbed bound the tissues plankton organisms. The latter not introduce difficulties 
during coprecipitation, since any uranium combined this way will filtered together with the plankton organisms, 
best get the hydrolyzed uranium already present the form colloidal solutions into form true so- 
lutions, since coprecipitation presumes that the uranium the form complex thiocyanate anfons, not 
loidal particles. The hydrolysis products uranyl salts not lose their capacity dissolve readily acidifica- 
tion, when they are allowed stand. Consequently, simple acidification sea water can regarded quite 
for transforming the uranium into state. 


experiments which carried out the coprecipitation uranium from slat solutions approximating 
composition sea water, and containing NaCl, 1.7 and 5.2 per liter, the 
effect coprecipitation uranium was studied. 


order get closer approximation the natural state uranium sea water, the solutions were heated 
boiling water bath for 4-16 hours after addition the uranium; after this, the solutions were acidified with 
hydrochloric acid until the was this solution tum was then heated boiling water bath for one hour 
left for 2-3 hours room temperature. Uranium was then coprecipitated from the solutions prepared this way. 
Table contains results obtained during determination uranium both sea water (Japanese Sea and Pacific 
Ocean), and salt solutions approximating their composition sea Uranium was determined radio- 
metrically the fluorescence method based NaF beads [2] using FM-42 fluorimeter. During determina- 
tion uranium the fluorescence method, correction was applied for extinction the 


The method recommended for concentrating uranium from sea water was used the work the Soviet 
Antarctic 1956-1957] (V. Kutiurin, Diesel Electric Vessel 


Selective Action the Organic Precipitant Used 


All those elements which can form complex thiocyanate anions insoluble thiocyanates, Hg, Ag, Bi, 
Zn, Cd, Mo, and some other elements, are partially completely separated with the uranium. Since the 
content all these elements sea water very insignificant, their coprecipitation during subsequent determina- 
tion uranium does not introduce any difficulties. 


Trapping number other elements can essentially diminished carrying out coprecipitation 
the presence Complexone Contamination iron can decreased using purer Methyl Violet, or, 
converting iron into the divalent state addition ascorbic acid any other suitable reducing agent. 


The Method Used for Concentrating Uranium from Sea Water 


1000 sample sea water added concentrated hydrochloric acid, and the solution left 
stand for 2-3 hours. 40% solution thiocyanate then added, and the whole thoroughly 
mixed; next, aqueous solution Methyl Violet added slowly, dropwise with stirring, the 
course minutes. After one hour the black precipitate filtered off through paper filter, moistened before- 
hand with wash solution. The precipitate washed twice with the same wash solution, then 
porcelain crucible and dried, next, moistened with few drops diluted slowly ashed 
taking the necessary precautions prevent any mechanical loss during ashing. Uranium then 
determined the residue obtained after ashing. 


This technique permits concentration uranium from solutions dilutions the former 
(0.1 


The wash solution prepared follows. 400 distilled water added about 2-3 concentrated 


The authors wish thank Khitrov and for samples sea water, and Leonova 
for carrying out the fluorometric determination uranium. 
The necessity introducing correction was the result the presence iron the Methyl Violet used, this 
was partially precipitated with the precipitate Methyl Violet Thiocyanate, and, using NaF decreased 
the intensity the fluoresence average 


SUMMARY 


addition ammonium thiocyanate and Violet acidified sea water, the precipitate 
Violet thiocyanate which formed, quantitatively cuprecipitates any present dilutions this metal 
down The precipitate formed filtered off, and ashed. The residue then contains the coprecipi- 
tated which has been separated from the sea water. 
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POLAROGRAPHIC DETERMINATION URANIUM THE PRESENCE 
VANADIUM AND IRON 


The Zhdanov Leningrad State University 


Uranium normally determined polarographically the basis its first wave with half-wave potential 
volt (with respect the saturated calomel electrode), the height this wave being proportional ura- 
nium concentration neutral and weakly acid solutions. Trivalent iron reduced the divalent state acid 
solutions the zero value the dropping mercury electrode, thereby covering the polarographic wave 
Divalent iron gives polarographic wave for reduction the elemental state dropping electrode potentials 

which are considerably more negative volt (saturated electrode), and has effect the 


wave [1-4]. Consequently, interference iron can eliminated simply reducing the beforehand the 
divalent state. 


Quinquevalent vanadium whose wave acid solutions already starts develop low positive dropping elec- 
trode potentials, also interferes with measurements the uranium wave height. Quadrivalent uranium only gives 

polarographic wave potentials approximating volt (saturated calomel electrode). Nevertheless, the 
quadrivalent uranium, the limiting reduction current uranium not proportional concentration, 
that not possible carry out direct determination measuring the wave height. 


have shown [5] that the increase the limiting current for the reduction uranium determined 


the chemical reaction the oxidation quinquevalent uranium quadrivalent which occurs the 
electrode surface. 


have developed two variants technique for carrying out polarographic determination uranium 
the presence vanadium and iron; the first these, the effect vanadium eliminated making the va- 


nadium concentration solution constant; while the second variant provides for preliminary electrolytic re- 
duction uranium and vanadium. 


Determination Uranium the Presence Vanadium and Iron 
Constant Vanadium Concentration 


previous work, have shown that there linear relationship between the limiting current 
and concentration, the presence quadrivalent vanadium. All the same, the curves relating the limiting 
current uranium and its concentration, relatively high contents quadrivalent vanadium, are readily repro- 


ducible, and used calibration curves for determining the uranium content solutions, the basis the 
value the limiting current. 


For polarographic determination uranium the presence excess quadrivalent vanadium, essential 
maintain the concentration the latter the test solution constant. For this purpose, is, therefore, neces- 
sary determine the vanadium content and add the solution that amount vandium which 
will ensure the requisite value its concentration the final solution. The optimum vanadium concentration 
for the polarographic determinaticn uranium 0.01 


order reduce vanadium and iron, the test solution treated beforehand with solution sulfurous 
acid; excess SO, removed simple boiling. 


Vanadium content determined titrating aliquot the test solution with potassium permanganate. 
The solution, after reduction, therefore made constant volume. Too high dilution leads decrease 
the determination. The most convenient volume ml; lower volumes lead difficulties 
subsequent operations. Half this solution used for vanadium determination; the remaining half added 
the calculated amounts standard solutions quadrivalent vanadium and sulfuric acid, well solution 
potassium chloride, that the total volume the solution and its concentration with respect vana- 
dium 0.01 while 0.1 with respect and This solution used for the polarographic de- 
termination uranium. 


During the permanganometric determination vanadium small amount ammonium persulfate should 
added the solution oxidize iron [6] well some crystals sodium phosphate. 


TABLE 


elative 


U Vv Pe error error ‘erro 


0.52 0.96 |—0.01 
0.52 


0.96 
0.94 


Polarographic determination should carried out thermostat which should kept constant with 
accuracy least 0.2°, since temperature changes affect the value the limiting current strongly. Results 
for the determination uranium and vanadium this method are given Table 


should noted that the given method for the polarographic determination uranium differs from the 
usual polarographic methods its increased sensitivity, which determined the presence vanadium inso- 
lution leading increase the limiting current for reduction The sensitivity uranium deter- 
mination using supporting electrolyte solution containing 0.01 VOSO,, 0.1 and 
0.1 liter H,SO,, approximately ten times the sensitivity uranium determinations solutions 
with different composition. The relative experimental error not more than few percent. The method can 
recommended for the polarographic determination uranium solutions containing from 0.01 
uranium, vanadium contents not exceeding mg. These limits are set the impossibility measuring both 
too small, too large values the limiting current the case may be. 


Polarographic Determination Uranium the Presence Vanadium and Iron 
after Preliminary Electrolysis the Solution with Mercury Cathode 


The method described below based the preliminary reduction the test solution mercury cathode, 
and the further determination the uranium content the basis the value the limiting current the 
reduced the divalent state, giving anode wave volt. Even very high vanadium concentrations (right 
saturated solution ammonium metavanadate), the polarographic current, after reduction the mercury 
cathode, becomes equal zero even at~0.6 volt, that becomes possible measure the wave height for 
quadrivalent uranium the presence any amount 


Electrolysis mercury cathode method separating number accompanying elements from 


2.0 
4.4 


The existence direct proportionality between the diffusion current and concentration quadrivalent 


mmoles/ 
0.25 2.50 —0.968 
0.50 1.24 2.48 
0.75 1.85 2.47 —0.$72 
2.52 2,52 
1.25 3.06 2.45 —0.970 
1.50 3.80 2.53 —0.973 


uranium (1.5 millimole/ liter; 0.1 are presented Table 


clear from this table that the optimum sulfuric acid concentation 0.1-0.5 this acidity range, 


the uranium wave has section which convenient for measurement, while its height remains constant for 
given uranium 


Thus, the results quoted show that the anode-cathode wave the system can used for the po- 
larographic determination uranium the sulfuric acid concentration range 0.1 0.5 


Attempts reducing ammonium vanadate mercury cathode, sulfuric acid solutions, did not yield 
results, because the formation white precipitate mercury vanadate the electrode surface 
during electrolysis, and this prevented the further course the electrolysis. Consequently, vanadium should 
reduced the quadrivalent state before electrolysis. 


TABLE 


Duration 
reduction, 


cathodic |anodic 


uranium before polarographic determination the latter has been used before [3], all the same, the polarographic 
wave quadrivalent uranium was not used for analytical purposes because lies potentials approximating 
the reduction potential hydrogen The successful application the polarographic waves both quadriva- 
lent uranium, and mixtures with trivalent uranium, for the determination uranium, becomes possible when 
the waves satisfy the following the diffusion current must proportional concentration; 
the value the diffusion current for given constant for wide limits the hydrogen 
fon concentration solution; the value the diffusion current independent the ratio the concentrations 
and trivalent the system reversible the dropping mercury electrode, and 
the values the diffusion coefficients both ions are similar each 


TABLE 

1.0 3.83 2.53 
0.5 3.80 2.53 
0.1 3.74 2.50 
0.01 3.49 2.32 
0.001 3.28 2.18 —0.993 


Results study the effect the acidity the solution the polarographic wave quadrivalent 


Analysis the total wave for quadri- and trivalent uranium showed that the anode current and the 
cathode current form smooth and continuous curve. Table contains results measurements the 
limiting current such anode-cathode waves, obtained solutions, containing quadri- and trivalent uranium 
various proportions, the ratio the two valence states was altered changing the duration reduction 
uranyl sulfate (1.5 the mercury cathode. evident from the results given this table that 
the value the total limiting current remains constant, independently the ratio the concentrations 


olts 
minutes electrode) 


TABLE 


147 


0.79 17.5 2.5 
0.8 
1.5 
2.8 
5.29 101 78.5 3.0 


Cell for reduction and carrying out polaro- 
measurements. 


determined this method 0.4 mg. 


SUMMARY 
method has been developed for the polarographic determination 0.1-1 uranium the presence 


The technique used for the polarographic determi- 
nation uranium solutions containing vanadium and 
consists the following. The test solution which 
has been acidified with few drops H,SO, 
heated, after which few milliliters saturated so- 
lution sulfur dioxide added it. The solution 
boiled all excess SO, has been removed. 


The volume the solution made ml; 
cell, shown the diagram, order carry out 
reduction, and make polarographic measurements; 1.5 
5.5 0.3 poured into the funnel fastened 
into the stopper the cell. The anode space which 
the platinum anode placed filled with 0.3 H,SO, 
solution. Electrolysis carried out for minutes 
potential 16-24 volts; the soluticn agitated 
means hydrogen stream. When electrolysis com- 
plete, the potassium chloride solution the funnel 
completely emptied (under hydrogen pressure) into the 
test solution, which then cooled the hydrogen stream 
The solution the anode compartment con- 
nected through electrolytic switch saturated 
electrode, and polarograms are taken over the range 
volt. The uranium content the test so- 
lution established from the value the diffusion current 
the wave for UIV/ with half-wave potential 
approximately volt, using calibration curve. 


Results for the polarographic determination 
uranium this method are given Table 


should pointed out that this method less 
sensitive than other methods for the polarographic de- 
termination uranium based measuring the wave 
height sexivalent uranium. The reason for this 
related the fact that the specific polarographic wave 
quadrivalent uranium appears dropping electrode 
potentials only 0.2-0.3 volt more positive than the re- 
duction wave for hydrogen ions. This circumstance com- 
plicates measurement the wave height for uranium, 


particularly low concentrations uranium solution, The minimum, absolute amount uranium which can 


All the same, the use electrolysis mercury cathode for the removal from solution, for the 
tion lower oxidation states elements accompanying uranium, with subsequent polarographic determination 
carried out the same cell, has great possibilities, from the point view extending this technique the po- 
larographic determination uranium the presence number other metals, addition vanadium and 
iron, which are reduced the mercury cathode, Our preliminary experiments the possibilities determin- 
ing uranium polarographically this technique have shown that the presence magnesium, aluminum, copper, 
titanium, and manganese, have noeffect the results the polarographic determination uranium, after pre- 
liminary electrolysis the solution with mercury cathode. 


Relative 
0.41 2.5 


vanadium and iron, which based the use solution containing constant amount (0.01 mole/ 
quadrivalent vanadium supporting electrolyte. 


has been shown that sulfuric solutions, the anode-cathode wave for 
polarographic determination uranium, the ratio quadri- trivalent uranium. 


technique has been developed for the polarographic determination uranium solution, the pre- 
sence vanadium and after preliminary electrolysis the test solution with mercury cathode. The method 
suitable for the determination absolute which are greater than 0.4 mg. 
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THE USE RADIOMETRIC METHODS FOR THE SIMULTANEOUS SEPARATE 
DETERMINATION THE CONTENT URANIUM, THORIUM, RADIUM, 
AND POTASSIUM ACID IGNEOUS ROCKS 


The Institute Geochemistry and Analytical Chemistry, Acad. Sci. USSR, Moscow 


The studies were carried out samples fromthe district. Both strongly 
weathered granites taken from the surface, well unchanged granites taken from deep bore holes and mines 
were used for these 


For the separate determination the amounts Th, Ra, and acid rocks, the authors used 
combination a-, B-, y-, and measurements. result the following system four equa- 
tions were obtaineds 


these equations and Ay, are the activities the test samples, expressed equivalent per- 
centages the equilibrium uranium respectively for each type measurement. By, 
are the equivalents equilibrium uranium for the Ra-group, Th, and with respect 
a-, B-, and -discriminating measurements. 


The position the discriminator during -discriminating measurements was chosen that the 
the group was not registered. 


order solve the system equations (1) means determinants, were obtained for determin- 
ing the content each element. 


formulas (2), Th, and are obtained percentages, while obtained percentage equilibriura 
uranium. 


The coefficients whick enter into the original equations can derived theoretically better, how- 
ever, obtain these coefficients experimentally, since, during theoretical calculations, not always possible 
take into account the conditions under which the measurements are carried out and the characteristics the 
apparatus used. The present authors determined the coefficients experimentally using standard 
equilibrium uranium, pure uranoso-uranic oxide, thorium oxide (ThO,), which thorium was found 
equilibrium with all the breakdown products, and potassium chloride and inactive 


the standard mixtures should satisfy the following 


There should equilibrium with fission products, and impurities the form other radioactive elements 
should absent the original radioactive 


Theemission coefficient for compounds equilibrium and should (not more than %). 


The composition the enclosing substance during should the same (or similar 
density and effective atomic number) the composition measurements based and rays. Any 
composition may the enclosing substance during determination the coefficients long the com- 
position remains constant for all mixtures. 


The distribution the radioactive elements the mixtures prepared should uniform. 


The values the coefficients are practically independent the content radioactive elements the 
standard mixtures. All the same, order ensure more uniform distribtuion the radioactive elements (which 
particularly important during and measurements), and increase the statistical accuracy the time the 
observations are made, the authors recommend the use mixtures with high content radioactive elements (up 


The content radioactive elements mixtures during should exclude errors arising from 
the apparatus counts. 


The coefficients entering into equation (1) which obtained relative equilibrium uranium mixtures 
with sodium carbonate, had the following 


N = 0.016: 13 = 0. 984: 13 = 0.32: 


Coefficient was obtained with mixture. Since the energy approximately equal 


the energy and half again its value was added the value obtained for the coeffi- 
cient. 


During and the coefficients were obtained for saturated layers, while the case 


The standard mixtures equilibrium and were checked the absolute method infinitely thin 
layers. 


the coefficients were obtained measuring mixtures weighing 700 


During and measurements, the remained practically constant during the whole time 
the work. The coefficients also remained constant during total even for small changes 50-75 volt) 
the working voltage applied the FEU. 


During discriminating however, the are considerably more dependant (up 
the voltage applied the FEU. The values the coefficient for each type measurement were subsequently 
checked not less than twice month. The final equations for determining Th, Ra, and which were obtained 


solving equations (2) and substituting the numerical values the coefficients indicated above, are the 
following forms 


Results measurements samples were expressed units equilibrium Accordingly, particular 
attention was given the choice uranium equilibrium standard. During comparison pure nonemitting 
equilibrium uranium ores which are used standards with standard uranium standards was established 
that the count rates for equilibrium uranium differed very strongly (up 200 (Sce Table 1). 


TABLE 


Count rate, calculated for equilibrium the 
basis the results of: 


Standard used content, 


-measurements 


0.085 805,900 646,700 3,950,000 

0.505 682,000 3,974,900 
0.018 475,900 2,279 
0.063 550,250 569,600 2,872,300 


0.014 (standard) 770,000 550,000 2,883,400 
These variations the count rate, are, apparently, relaied differences the chemical composition 
interfering material the standards, and insufficiently reliable chemical analysis. order exclude errors 

arising from chemical analysis, special accurate uranium standards should used the uranium equilibrium 


standards. 


Supplementary tests were carried out order evaluate the effect differences the chemical compo- 
sition the test materials (granites) and the standard uranium equilibrium mixture, the results the measure- 
ments. During differences the count rate arising from differences the chemical composi- 

tion the preparations amounted 800 2). 


TABLE 


Count rate, arbitrary 


Count rate, arbitrary 
units for different 


units for different 


Enclosing Enclosing 
material (equili- material 
brium 


Coal 
Boron 
Phosphorus 
Iron 
Zirconium 


= 

(equili- 
brium 
242 Tellurium 1861 
314 Calcite 459 
620 Sand 865 133 
Sodium carbonat 101 


There are published the significant effect results a-measurements the chemical 
composition test materials when they are ground very fine, and when the radioactive elements are 
uniformly them (this was hardly completely accurately fulfilled our The effect the chemical com- 
position the results -measurements significantly less, and can illustrated the results given Table 


TABLE 


Enclosing material ..... carbonate Sand Galenite Lead sulfate 
(PbSO,) 


Count rate impulses 
per minute for 
mixture type AS-2 


620 625 880 850 


From the tests carried out, became evident that the composition the uranium equilibrium standard should 
very near the composition the test materials. The nearest chemical composition the test granites was 
quartz sand. The practically identical results obtained during and measurements mixtures with sand and 
sodium carbonate, permitted the use sodium carbonate enclosing material for preparing equilibrium 
standards for the measurements indicated. Sodium carbonate practically inactive and far simpler prepare 
than inactive quartz sand. For the enclosing material used was quartz sand, since differences 
count rate 30% were observed for mixtures with quartz sand and with sodium carbonate respectively. 


TABLE Measurements the test samples for determination 
their Th, Ra, and contents were carried out 
valent units for varying degrees the type Da-49 with cell high sensi- 
sensitivity was achicved increasing the area the 


Sample 


0-5 electrodes low (not more than 200 impulses/ hour) 

0-6 values the natural background; were measured 


diameter and high was used for the 
ments. Measurements the test samples for their a-rays were carried out saturated layer plate with 

area The natural background hardly changed during the course the day, consequently was 
only determined the beginning and the end the work. 


order check the effect degree grinding the standard the results the 
size the standard being 0.1 0.25 and the effect the grain size the test samples 
with diameter less than 0.5 mm, number test samples were measured for various grain sizes. 


follows from the results given Table that the particle size, within the limits indicated, does not have 
essential effect the results Sample sizes were used for -measurements, the 
measurements being based pure (without y). When this amount test sample was placed the 
plate, was sometimes necessary pack it. Studies the effect packing the test sample 1.5-2 times the 
counting rate during showed that the count rate remains practically constant. 


Samples weighing 150-500 were used for the amount depending the sample 
available. The natural background was determined after measuring each sample. 


check the emission from samples granites which had altered most (those taken from the surface) 
showed that the samples show practically emission, consequently, corrections for emission test samples 
were introduced into the results for each type measurement. The duration observation for each type measure- 
ment was chosen that the relative error the magnitude measured, determined statistical variations, amounted 
the basis these considerations, the time during which samples were measured for was 


TABLE 


Uranium, Radium, Thorium, and Potassium Contents from the Results Chemical, 
Radiochemical, and Radiometric Methods 


Sample 


014 


Bore hole 
meters 
Bore hole 
meters 100 
Bore hole 
meters 
Bore hole 
meters 
Bore hole 


meters 
Bore hole 
meters 367 


ee 


minutes, while the time taken measure the natural background was minutes. The time observation 
for -radiation was minutes, and for total the time for measuring background during 
total -emission was minutes. The time observation during tests was 1.5 hours, and for the 
natural background this case hour. 


Radi 


1.4 
2.1 


2.7 

4.57 
4.57 
1.83 
6.4 


The equilibrium uranium standard, relative which the activity test was measured, was measured 
for each type radiation once the course working day. The choice the minimum observation time for 
test samples and for background order ensure given accuracy, was carried out using the nomogram Lov- 
inger and Berman (diagram). 


Results determinations the content Th, Ra, and the method described, and chemical and 
radiochemical analysis are given Table 


The results the radiometric analysis, are, rule, the mean 2-3 


Chemical analysis for the luminescent bead method was carried out Miroliubova and Karasev, 
while radiochemical determinations and were carried out Kunasheva and Novitskaia. 
Potassium was analyzed chemically the chemical laboratory the Geotech Office the Ministry Non- 
Ferrous Metallurgy. 


| 1.4 8.9 8.45 5.4 5.25 3.34 3.24 3.75 4.84 ° 
Bore hole 
~ 


Evaluation the accuracy the results was out means the formulas 


where are the preceding Ag. and equations (3) for each the determined 
ponents; 


the relative statistical error each measurement (in our case was equal 5%). the activity 


the sample equivalent units for each type measurement; the content the element 
being determined 


Count Background Impulses 


4 


Standard Deviation 


otal Impulse Cou 


Nomogram for establishing the minimum count time ensure 
measurements with given error, for known ratio total count 
rate background count rate. 


applying formula (4), the authors assumed that the accuracy the determination coefficient 
one order higher because was determined repeatedly and accurately than that the accuracy determi- 
nation the activity the samples. The relative errors calculated from formula (4) proved 


The large error determining the content readily explained, since variations the coefficients during 
-discriminating measurements have considerable influence the accuracy 


SUMMARY 


The article contains description technique developed the authors for the simultaneous separate 
determination the Th, Ra, and contents acid igneous rocks. 


Studies carried out synthetic mixtures weighing 140 and containing 18- Th, 


and i.e. with content practically one order lower than Eldjurta granites, showed that 
possible get satisfactory results. 


For the successful application this technique for the separate determination Th, Ra, and con- 


tents rocks, basic importance the correct choice standards and the appreciation all the factors which 
affect the results measurements. 


Separate determination low contents Th, Ra, and can carried out any apparatus satisfying 
the following basic the apparatus must have high sensitivity (it should sensitive standards 
with content radioactive elements one order lower than that the test samples); should stable 


operation, thereby ensuring that the coefficients remain constant during the long time taken make the measure- 
ments. 
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GRAVIMETRIC METHOD DETERMINING URANIUM USING CUPFERRON FOR 
ITS SEPARATION 


Uranium which possesses complex electronic configuration typical complexing agent. large num- 
ber complex compounds uranium are known with such organic reagents -naphthol, isatin-B 
-oxine, urotropine, ammonium benzoate, tannin, pyridine, ethyelenediamine, quinaldinic acid, 8-hydroxyquino- 
line, cupferron According the studies Duval [2] the precipitates formed with the reagents listed 
above change maximum calcining temperature the published methods for determining 
uranium the method involving deserves special attention. Precipitation with cupferron can carried 
out from comparatively acid solutions, the presence hydrofluoric acid and and also the presence 
citric and tartaric acids. According published results [3], cupferron precipitates iron, gallium, zirconium, 
niobium, tin, antimony, hafnium, titanium, vanadium, tantalum and quadrivalent uranium from sulfuric acid so- 
lutions; aluminum, chromium, manganese, zinc, nickel, beryllium, phosphorus, boron, sexivalent uranium. The 
and alkali metals are not precipitated acid media. Copper and thorium are precipitated weakly 
acid media. the analytical chemistry uranium, separation means cupferron has been mainly used for 
removal interfering elements during its titrimetric determination [4]. During gravimetric determination, sex- 
ivalent uranium first precipitated with cupferron for its separation from iron, titanium, and other 
elements, uranium subsequently reduced the quadrivalent state and precipitated with cupferron for remov- 
ing from aluminum, chromium, beryllium, phosphorus, manganese, etc. 


Holliday and Cunningham [5], after removing impurities from uranium, oxidized the cupferron repeated 
treatment with sulfuric and nitric acids, and then reduced the uranium Jones reducer, other methods, 
and precipitated the cupferronate quadrivalent uranium. The method was subsequently used other 
authors All the same, the gravimetric method, the form suggested, cannot used for analyzing ores and 
concentrates mass production. Oxidation excess cupferron with nitric and sulfuric acid long operation, 
demanding several treatments, and not always attaining the required ends. Using double precipitation with cupferron 
basis, made our aim choose the anaiytical conditions such that the method would rapid, simple, 
and suitable for the analysis ores and concentrates under factory laboratory conditions. 


Choice Reducing Agent. Amalgamated zinc, cadmium, bismuth used the Jones reducer for 
reduction uranium, proved unsuitable the given instance, view the unavoidable precipitation 
the cupferronate the reduced uranium the reducer. Syrokomskii and Klimenko [7] used divalent chromium 
for determining uranium. order check the possibility using divalent chromium, various amounts 
standard solution (5-30 mg) were reduced with divalent chromium, the uranium was then precipitated 
with 4-5 solution, and, after calcining the cupferronate the latter was weighed. Most 
the results were high because 1-2 chromium was trapped the cupferronate precipiate. Sodium hydro- 
sulfite was next tried reducing agent. sulfuric acid solutions containing from 25-100 
uranium per 100 ml, and volume) sulfuric acid, was added dry hydrosulfite, the whole thoroughly 
mixed, and then allowed stand for 15-20 minutes. Uranium was next precipitated with cupferron, small por- 
tions solution the latter being added until the appearance rapidly disappearing fine white preci- 
pitate, contrast the flocculent, insoluble precipitate the cupferronate (about 4-5 ml). The precipiate 
was filtered off, and washed with 120-150 sulfuric acid containing 1.5 cupferron liter 
After igniting and the obtained was weighed. 


Joo 101 


: 


TABLE Results, which have been calculated terms 


Determination Uranium with Cupferron are given Table 


after Reduction with Hydrosulfite 


Relation between percentage reduction 
with hydrosulfite and 


The Relation between Percentage Reduction and Time, Reduction uranium with hydrosulfite time 
reaction. order determine the optimum conditions for carrying out the reduction, series tests were carried 


out with solutions containing equal amounts uranium. After addition hydrosulfite, precipitation with cupferron 
was carried out described above. 


clear from the diagram that satisfactory results are only obtained when, after addition 
the solutions containing uranium (150-200 mg), they are kept for not less than minutes. practice, during 
the analysis ores and concentrates, the samples reduced will contain considerably smaller amounts 
uranium, 


The following experiments were carried out with mixture pure uranium salts 
and some the impurities which occur most frequently ores and concentrates, such aluminum, iron, vanadium, 
etc. Precipitation the impurities means cupferron was carried out from solution containing volume 
sulfuric acid, while the filtrate, after dilution concentration sulfuric acid, the uranium was re- 
duced with hydrosulfite and then precipitated with 


TABLE 
Determination Uranium Mixtures after Double Precipitation with Cupferron 


Uranium Added, Uranium 


The results given Table show that when uranium, iron, aluminum, and vanadium are present simulta- 
neously solution, the other metals are separated from uranium quite well and the analytical results obtained 
are satisfactory. Molybdenum solution leads sharp rise the analytical results. Practically none 
separated from uranium strongly acid media (10 %), the molybdenum remaining partially precipitated the 
sulfide addition sodium hydrosulfite, and then filtered off with uranium cupferronate and appears MoO, 
calcining the final precipitate. Some the evaporated, and, depending the calcining conditions, 
the amount volatilized oxide will vary. This the for the varying results obtained when molybdenum 


Uranium taken, Error, 100 
25.45 25.5 0.05 
50.9 51.1 0.2 
101.3 102.1 0.3 
50.9 50.9 
Error, 
taken, Aluminum Vanadium found, 
38.2 21.2 37.9 0.3 
38.2 2.1 4.9 2.0 38.3 
38.2 2.1 4.9 2.0 38.2 
19.1 2.1 4.9 2.0 19.0 0.1 
38.2 2.1 4.9 2.0 4.0 38.7 0.5 
38.2 2.1 4.9 2.0 4.0 39.6 
19.1 2.1 4.9 2.0 4.9 20.0 0.9 
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present solution. Copper, lead, and other elemenis the sulfide group will precipitated the sulfides 
similarly molybdenum addition hydrosulfite. those cases, therefore, when the ores and 
contain, addition other impurities, the elements just listed, the normal experimertal procedure must 
modified the additional operation precipitating the sulfides copper, molybdenum, lead, and other elements 
thiosulfate was added 50-70 solution mixture salts, the solution containing volume 
sulfuric acid. The solution was heated the boiling point, and left hot plate for complete coagulation 
the precipitate. After the precipitate had been removed, permanganate solution was added until the final 
solution was was done oxidize excess thiosulfate and some the partially reduced sub- 
sequent procedure involving precipitation with cupferron was the same before. The results these determina- 
tions are given Table the absence other elements the sulfide group, copper and molybdenum can 

removed one ammoniacal precipitation, normally done analysis. 


TABLE 


Determination Uranium after Removal Sulfide Group Elements 


Uranium Added, Uranium 


5.0 9.8 8.0 


10.0 

10.0 
5.0 

10.0 


Analytical Procedure. The method which have develcped for determining uranium ores and con- 
centrates consists the following. accurately weighed test material the amount taken being depend- 
ant the expected uranium content transferred heat resistant, conical flask, which broken down 
with nitric acid, sulfuric acid then added, and the resultant solution heated until white fumes 
appear. The residue diluted with water, the latter being added such amount that the sulfuric acid content 
the final solution volume. The solution heated until the salts are completely solution, and, with- 
out preliminary separation the insoluble residue (SiO,), 0.1 permanganate solution added dropwise the 
solution, which has been cooled beforehand, until there permanent rose color. Then, temperature not 
exceeding the cupferronates the impurities the uranium (Fe, Ti, etc.) are precipitated addition 


TABLE 
Analysis Preparation 


Uranium determ. 


—0.18 
+0.07 
+0.13 
—0.01 


Our experiments showed that cooling the solution 6-10° for precipitation uranium cupferronate, indicated 
the literature, optional. 


taken, Copper Molybdenum] Lead found, 
50.9 21.2 10.0 51.3 +03 
50.9 21.5 5.0 9.8 8.0 10.0 50.9 
50.9 10.6 10.0 4.9 8.0 20.0 50.7 0.2 
59.3 10.6 10.0 4.9 16.0 5.0 51.3 0.4 
t 
weight 
0.4998 0.2578 51.60 
0.5005 0.2578 51.50 
0.5006 0.2575 51.43 
0.2536 0.1313 51.77 
0.1276 0.0659 51.64 
H a=51.63 
© 
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aqueous solution cupfetron small portions with stirring, until excess the reagent present, 
indicated the appearance rapidly disappearing, fine white precipitate, contrast the preci- 
pitate the cupferronates. The washed precipitate (washing being carried out with solution sul- 
furic acid containing 1.5 cupferron per liter) rejected, and the filtrate plus washings transferred 300 
beaker, which diluted with water 200 with respect sulfuric acid). this solution added 

hydrosulfite and the mixture stirred with rod, and then allowed stand for minutes. second precipi- 
tation with cupferron then carried out. When the precipitate has coagulated (after 15-20 minntes), sucked 
ashless filter small Buchner The precipitate washed with solution acid con- 
taining 1.5 cupferron per liter, using 150 this liquid for washing. The washed precipitate transferred 


TABLE 
Analysis Preparation 
0.5011 0.0342 6.82 
0.0339 6.76 +0.07 
0.5009 0.0341 6.80 
crucibie which carefully dried, ignited, and then calcined the colder part the 
finally calcined spectrographic analysis indicates that, addition the usual impurities, the 
samples also contain elements the sulfide group (Cu, Pb, Mo, etc.), then, after decomposition the samples, 
these metals are separated the form their sulfides addition solution sodium thio- 
sulfate 50-70 the original solution, and heating. Having removed the sulfide precipitate, the soluticn 
adjusted that with respect sulfuric acid, the cupferronates the other impurities are then precipi- 
tated described above. 
TABLE 
Loss Uranium Filtrates and Wash Liquoss 
Uranium Uranium lost the filtrate 
in 
300 
0.2527 0.08 
0.5031 0.06 
0.5006 0.01 
0.5020 0.005 
0.4996 Not detected 
0.5012 0.08 
Results. Using this technique number samples ores and concentrates with uranium con- 
tents more than been analyzed (Tables and 5). Values 51.6 and were found the re- 
ducing and gravimetric peroxide methods, The mean square error are given the Tables order evaluate 
the accuracy the method. 
order establish the loss uranium during analysis samples with high uranium filtrates and 
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wash liquors after precipitation the cupferronate quadrivalent uranium, were analyzed the 
nescence method. The results given Table show that these losses should not essentially affect the experimental 
results obtained. 

SUMMARY 


gravimetric method has been developed for determining uranium ores and concentrates containing 
quadrivalent uranium the same reagent, after reduction means sodium hydrosulfite. 


The method has been checked pure uranium, synthetic mixtures containing impurities which usually 
accompany uranium, and ores and concentrates containing varying amounts uranium. all cases, satisfactory 
results were obtained. 


The method can used for precision analysis ores and concentrates containing more than ura- 
under factory laboratory conditions. One determination takes 4-5 hours. Four samples can analyzed 
simultaneously. 


The accuracy the method characterized mean square error 0.3 %(rela- 
tive) for samples containing uranium, and mean squre error 1.2 for samples containing 
5-10 uranium. 
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DETERMINATION URANIUM, THORIUM AND SEA SILT 


The Institute and Analytical Chemistry, Acad. Sci. USSR, Moscow 


Determination radioactive elements sea silt interest for solving number geochemical questions, 
particular, questions relating the determination sedimentation rate, and evaluation the age the sea 
silt. 


recent years methods have been published for the determination fonium and thorium sea silt radio- 
and for the determination thorium The first method has still not found wide appli- 
cation because its complexity, while the second method cannot used for determination ionium sea silt, 
since was developed for minerals with high uranium content, and consequently was designed for the analysis 
milligram amounts sample. 


geochemical point view desirable have method which would allow simultaneous deter- 
mination the three elements one aliquot. The method described here permits this done two days. 
1954, published method for the direct determination ionium sea Bearing mind the fortu- 
nate circumstance that all three ionium, thorium and UX, are thorium isotopes, modified our 
method such way that the basis the isotopes separated the carrier, possible determine uranium, 
thorium, and ionium. After supplementary purification, thorium determined photometrically, using 
reagent thoron [4], while uranium determined the basis the and ionium the basis 
its a-activity. 


Essentially, the proposed reduces decomposition the sample fusion with sodium peroxide 
and removal impurities. The scheme suggested for separating the radioactive elements the course the 
analysis outlined Fig. 


Completeness Isolation Thorium Thorium isotopes, during all the stages, are found the pre- 
cipitate. This excludes losses result adsorption. The suggested scheme analysis was checked using 
Th(234), from the point view completeness isolation, and, also with RaD RaE and from the point 
view the radiochemical purity the thorium isotopes. Since, order get complete purification thorium 
from impurities, additional operations are included, completeness separation the thorium isotopes was checked 
again. For this purpose, during the analysis silt, each was added amount UX; (indicator for 
Th) known activity. After completion the analysis and the combination the four aliquots following 
thorium determination, the activity the which the thorium isotopes had been deposited was deter- 
The results obtained (Table show that when the analysis carried out according the scheme suggested, 


Effect Impurities Determination Thorium with The first element determined the 
course the analysis According published results the amount this element sea silt about 
reagent which selected for the photometric determination thorium, has 
been studied fairly thoroughly [4, 5]. Titanium, hafnium, and zirconium give similar colors thorium with this 
reagent. These three elements, however, are removed during the fluoride break down. Elements which have 
characteristic color hydrochloric acid (iron, copper, nickel, etc.) also interfere. But even such elements 
aluminum and calcium, which not have characteristic color, all the same, during photometric determination 
very small amounts thorium ml), may distort the results lowering the color intensity. Fluorides, 


sulfates, phosphates, etc. also interfere with the detection thorium. Accordingly, important stage the 
analysis the complete separation all accompanying elements. this connection therefore, before photo- 
metric determination, the thorium are separated without carrier. Nevertheless, howevercarefully all the 
operations are carried out, impurities are always present. order study the effect these impurities the 
accuracy determination thorium, known amount thorium was added silt which had al- 


Sample Na,O, 
H,O 


si, Al, (80 %), Fe, Ca, Mn, Ra, 


isotopes, Ac, Pa, Bi, Po, 
rejected 


(free from 


Precipitate 


Fe, traces Al, 
Ca, Ba, Mn, isotopes, Bi, Po, Pa, 
rejected 


Precipitate 


Fe, Pa, Bi, Po, Ca, traces Fe, and Po, 


rejected isotopes 


Precipitate 


Ca, traces and Po, isotopes, traces Fe, 
rejected 


solution 


Traces Fe, 


Fig. Analytical scheme 


ready been analyzed the proposed scheme, and the total amount thorium then determined. The resulis ob- 
tained (Table show that the amount impurity that remains with the thorium does not essentially affect the 
final result. The error does not exceed 15%. 


Determination Uranium and Check Removal Uranium was determined 
the basis UX, which almost invariably found equilibrium with its parent element. Since the uranium 
content sea silt about the original aliquot taken should not less than 15-20 order get measure- 
able Under such conditions, measurements both the preparation itself and the background should 
carried out for not less than 2-3 hours order get the required accuracy (10-15%). sample weight 
decomposed lots each quarter being treated separately, right the point where thorium 
determined. After the thorium has been determined all four solutions are combined, and the amount thorium 
isotopes, precipitated the iron, measured means The uranium content calculated 
means standard curve which constructed the basis samples containing uranium. 


TABLE 


Completeness Isolation Thorium Isotopes 


Determination Thorium Synthetic 
terms im- pulses/ minute 
pulses/ minute Amount Amount 


(in added 


found, 


1600 
1552 
1480 
1344 
1453 
1226 
1453 
1300 
1300 
1300 


TABLE 


RaD RaE RaD—RaE 

impulses/ pulses/ mi- expressed 
minute percentage 
the latter 


RaD RaE RaD RaE 
introduced, 
impulses/ 


minute 


impurity 
terms isotopes, 
pulses/ min- expressed 
percentage 
the latter 


Observation 


One fluoride 
treatment 


Two fluoride 
treatments 


During determination uranium this method, the ones which will obviously present the greatest trouble 
will the radiators ThB (Pb), RaD (Pb) and RaE (Bi), since the other natural 

26.8 minutes); RaC 19.7 minutes); MsTh 6.13 hours); ThC(T =60.5minutes); 36.0 mi- 
nutes); 2.16 minutes), all three radioactive series, are short lived and will decompose practically 
completely the end the analysis. Consequently, the fundamental problem the complete removal lead 

and bismuth isotopes. Lead mainly removed the first stage during fusion with sodium peroxide, and removed 
again during precipitation the hydrated oxides iron and the isotopes alkali. Bismuth removed during 
the fluoride breakdown. This fact was established using silts which had been specially charged with high RaD —RaE 
activity. amount RaD RaE known activity was added sample silt before fusion. The final 
precipitate was measured for its activity torsion The results obtained (Table show that when 

one fluoride treatment given, not more than 7-8 RaD RaE remains with the thorium the iron, 
while when double fluoride treatment given, the amount adsorbed RaD RaE does not exceed 


Determination and Checking Completeness Polonium Isolation, After the uranium has been 
measured, the ferric oxide spread out disc fine even layer from acetone, and measured 
type When the thorium content high, correction for its which determined 
RaTh must applied. Since ionium determined the basis the greatest danger pre- 
sented uranium, polonium, radium, etc. During the analysis, uranium and polonium are removed together with 


1471 3.0 6.0 
1323 3.0 6.5 
1470 101 3.0 6.0 
1185 3.0 
1492 5.0 
1280 5.0 8.0 
1200 5.0 8.0 
1320 101 5.0 
1270 
10823 894 8.2 10944 214 1.9 
10950 860 8.0 10576 190 1.8 
10576 10576 132 1.2 
8844 420 4.8 8844 0.4 
10823 410 3.8 8844 0.8 
8844 0.8 
: 
= 
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lead the first stage the analysis, and are subsequently removed during the fluoride breakdown, polonium 
also removed further during reprecipitation the hydrated oxides with alkali. Radium removed during the 

double treatment with ammonia. check the completeness removal polonium was carried out specially 
which had been loaded with polonium before fusion (Table 4). 


TABLE 


Completeness Polonium Removal 


found 
terms im- 
pulses/ minute 


introduced, 
terms 
impulses/ mi- 
nute 


ionium 


Thus, using the radioactive indicators RaD, RaE, and Po, was shown that isolation thorium 
topes the suggested analytical scheme proceeds quantitatively, and radiochemically pure The errors 
which arise during determination uranium and ionium, result breakthrough RaD RaE and polonium, 
are, the average 1.1 2.4 respectively. 


TABLE 
Uranium, Thorium, and Ionium Contents Several Samples Sea Silt 


Station 
number 


content, 


(140 cm) 


Determination Uranium, Thorium, and Ionium Sea Silt. The method developed for the determination 
uranium, thorium, and ionium has been used for studying the radioactivity ocean silt. The results obtained 
(Table 5), show good agreement between the results and the accuracy the determination high, particularly 
for thorium. Each figure quoted for uranium and ionium was the basis four parallel aliquots 


each. isolation was controlled the basis the agreement between the parallel determinations 


Thus, the results obtained show that the error determining uranium, thorium, and fonium for thorium 


contents the range does not exceed The error determining uranium and ionium 
also varies about 


Limits Applicability the Method and Additional Checking the Radiochemical Purity the Thorium 


Isotopes Isolated. checked the method series samples with known uranium contents ranging from 
0.003 (rocks) (tar). The results obtained are given Table evident that when the 


The thorium content these samples was not determined. 


1650 120 1.6 175 2.3 
7650 430 5.6 3456 0.2 
262 3.4 3456 0.1 
7650 283 3.7 3450 1.0 
7650 381 4.8 3456 0.2 
425 5.6 
| 
units 
3148 1,0 2.7 14.6 
619 4,44,8- 2.4 23.0 
(depth 300cm 
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TABLE 


Days 


log minutes 


Fig. Change activity UX, with 
time. 


TABLE 


the Activity with Time 


impulses/ 
minute 


carried out correctly, the content determined both methods coincide, since the 
half-life period UX, 24.3 days, which means that after 240 days there will between uranium 

and UX,, and the UX, content will the the test samples are state 
then the results this column should coincide with the results the two previous (in the Table). 


found, 


Chemically 


found 
uranium units, 


Radiochemically 
the basis 


0.045 
0.006 
0.006 
0.018 
0.019 
0.058 
0.450 
3.600 
7.100 

69.000 


our case, there was «mly oue sainple (No, which 
there was breakdown with respect 
obvious, therefore, that the given method can ap- 
plied for the determination and ionium, the 
ratio for samples with wide range 
For uranium contents the sainple weight should 

should diluted with 0.5-1 rock (free from test 
elements) containing Si, Al, Fe, aud The accuracy 


During work with ores and mincrals, removal 
radioactive and become particularly 
important since their content high. 
care taken during the analysis, the final result may 
far too high. this therefore, during analysis 
minerals, one further check was carried out the radio- 
chemical purity the isolated ionium and uranium 
Since the criterion for the radiochemical purity the 
thorium isotopes with respect the con- 
stancy the the isolated ionium with time, 
while the criterion for the radiochemical purity the 
isolated the regular fall a-activity with time 
with period 24.3 days, the preparations which 
isolated were measured for both their and 
vity with time. The results obtained are given Table 
and Fig. The constancy the a-activity over 
period months and the regular fall show 
that the thorium isotopes are actually isolated 
chemically pure form, 


Rocks 0.003 0.003 
0.057 0.060 
Ores 0.053 0.052 
0.390 0.380 
3.490 3.300 
Tar 7.600 7.100 
70.000 67.000 
minute minute 
800 218 302 
820 287 
788 236 
118 809 220 300 
150 813 210 


EXPERIMENTAL 


Isolation Isotopes. sample dried silt heated and fused with Na,O, (6-10 times the amount 
sample) nickel crucible. After the crucible has been cooled, the melt leached with hot water (in 
beaker about 1.5 liters capacity). After standing for 10-15 minutes, the precipitate filtered through folded 
filter, and washed with hot water and dissolved the collected platinum basin 
small volume HCl this solution added 50-70 (as solution) and the whole evaporated 

dryness, the dry residue treated with hydrofluoric acid (20-30 ml) and the whole again evaporated 
The fluorides are moistened with 0.5 -1.0 concentrated and treated with hot water, the whole then 
transferred 100 beaker, the precipitate allowed settle and through folded ribbon 
filter. The precipitate washed, and then washed off the filter paper into platinum basin which 

evaporated, and then treated with until the thick white fumes cease evolved. The residue again 
with and then evaporated and finally dissolved hot next filtered, washed, and washed 

off the filter paper into the platinum this cvaporated again, and the fluorides broken down double 
treatment with The residue treated with concentrated ml) and heated until dissolves, when 

ammonia (free from effect 


The precipitate filtered off, washed, dissolved 1), twice with NaOH (25 %), 
and then precipitated once again with NH,OH with addition g), The final precipitate dissolved 
iron removed means acetate saturated with the same concentration, The hydro- 
chloric acid solution, which now only contains isotopes and traces accompanying elements, evaporated 
the residue treated twice with concentrated and then with concentrated the solution 
being evaporated dryness each time. the iron not completely removed the first time, the removal with 
amyl acetate The final dry residue dissolved 


Determination Th. The hydrochloric acid solution the isotopes colorimeter 
which diluted 5-7 with water; thoron 0.1 solution) added until the rose color obtained, 
when more thoron added until the color the solution changes from rose orange. 


Into another colorimeter tube added hydrochloric acid solution, followed the same amount 
thoron, and standard solution thorium salt until the color the standard solution comparable the color 
the test solution. 


When the test sample contains more than Th, mez test diluted standard flask and aliquot 
taken for colorimetric determination. 


Determination The contents the colorimeter tube, after determination Th, are transferred 
beaker, concentrated and the form solution) are added, and the solution di- 
luted then heated, and precipitation effected with NH,OH. The precipitate filtered through 
“white ashless filter, then dried and ashed, next calcined and weighed, and its -activity 
measured torsion counter with mica window. From the found, the content found means 
the standard curve. 


Determination Io. After the measurements have been made the the precipitate trans- 
ferred agate mortar which ground under acetone. The fine suspension acetone evaporated 
weighed disc apparatus for evaporating under lamp. The disc plus precipitate are weighed, and the 
vity the latter measured. The content expressed impulses/ minute uranium units comparing 
with standard sample prepared fine layer. 


If, during the repeated treatment, the iron should removed completely dilute hydrochloric acid solution 
iron practically colorless), should added before precipitation with 

When the uranium content the sample taken should not less than 10-15 When such sample 
taken, convenient deal parallel, with say lots each, all three lots being combined before de- 
termination uranium, Consequently, after the determination, the contents all three colorimeter tubes are 
poured into one beaker and the isotopes precipitated iron the beaker usual. 


Preparation Standard Curve for Determination According the for UX;. 100, 200, 300, 
400, and 500 radiochemically pure uranium together with the equilibrium amount 


with (free from added amounts each case used the The precipitates 
obtained are dried and activity measured calibration curve relating the 
value the measured uranium content then constructed. 


conclusion should like tothankV. Kuznetsov for his advice determination means 
thoron, and also for valuable advice which enabled eliminate number drawbacks the method deve- 

SUMMARY 


technique has been developed for the determination uranium, thorium, and fonium sea silt one 
sample aliquot. 


and the radiochemical purity the were checked means 


The method has been tried out samples sea silt, and also rocks, ores, and minerals, 


uranium, and for contents ionium uranium units). 


The absolute experimental error does not exceed 10-15 
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SPECTROGRAPHIC METHOD FOR THE DETERMINATION SMALL AMOUNTS 
LEAD, TIN, CADMIUM, ANTIMONY AND BISMUTH METALLIC RHENIUM 


Kutsenko 


The Vernadskii Institute Geochemistry and Analytical Sci. USSR, Moscow 


Production metallic rhenium with high degree purity requires development methods for determin- 
ing number impurities it, the presence which affects the most important physicochemical properties 
the metal. The most important impurities are bismuth, lead, tin, antimony, and cadmium. The content each 
these metals metallic rhenium should not exceed the literature available us, were un- 
able find references methods devoted the determination these metals such concentration rhenium. 


The insufficient sensitivity the spectrographic determination these metals, and the complexity the 
spectrum the main component complicated the application direct spectrographic determination for solving 
the problem posed, and necessitated the use combined analytical techniques, which include preliminary con- 
centration the impurities determined. the work described the present article, several methods 
solving these problems were tested, these includeds 


physical enrichment method, based fractional the elements removal impurities 
from the main component evaporating setup 


Chemical the impurities selective separation Pb, Sb, Sn, and during copre- 
cipitation with hydrogen sulfide 


Chemical enrichment the impurities removal the main component precipitation with thallium 
acetate acetic acid medium, with subsequent concentration the impurities beryllium oxide. 


Physical enrichment the impurities careful distillation rhenium from the sample the 


impurities being transferred new base carbon powder. 


Application the first two methods came against difficulties,connected the first instance with diffi- 
culties preparing standards for work with metallic rhenium, while the second case difficulties arose re- 
sult considerable trapping rhenium well the impurities during coprecipitation with hydrogen sulfide. 
More satisfactory results were obtained using the last two methods enriching the impurities. 


Chemicospectrographic Determination Impurities Metallic Rhenium 


Separation the Latter with Thallium Acetate Acetic Acid Media 


Rhenic acid forms salts which are sparingly soluble water with number One these 
salts thallium rhenate the solubility this salt 10° 0.0085 while 26° its solubility 
0.016 solubility can addition acetic acid the solution. 


This property rhenium can used basis for developing chemicospectrographic technique for the 
determination impurities the basic metal. The method consists the following stages: chemical sepa- 
ration the metal the main component from its impurities; concentration the impurities 
beryllium oxide followed subsequent analysis the concentrate. 


ChemicalPreparation Samples for Spectrographic Analysis 


Rhenium was separated chemically from its impurities follows. metallic rhenium was dissolved 


diluted nitric acid quartz beaker. Acetic acid and solution thallous acetate nitrate 
were then added the beaker. white crystalline precipitate thallium was thereupon formed. 
tests showed, possible this way realize fairly complete precipitation rhenium, and this reaction, 
well known [5, 6], can succesfully used for the quantitative determination small amounts rhenium. After 
standing for reasonable time (not too long) the precipitate was filtered, and then washed with glacial acetic acid 
and 96° ethanol. order transfer the impurities onto new base, the filtrate plus wash liquors were evaporated 
quartz basin water bath volume approximately ml. solution purified beryllium nitrate 
was then added, the amount the latter being determined the the solution and the 
required enrichment coefficient. Pure beryllium nitrate was prepared after purification beryllium oxide 
extraction the basic acetate with chloroform. 3-6 ammonia NH,OH was then added 
the extract the quartz basin. The white paste formed was then dried and finally calcined The 
concentrated impurities from the sample prepared this way, were then ground agate mortar, weighed, and 


analyzed 


Spectrographic the Impurities 
was used for spectrographic determination the impurities, The arc was fed from mercury 
rectifier with voltage 250 volts. Standards were prepared the basis pure beryllium oxide using method 
similar that for preparation the concentrates. The impurities were added the form solutions 
the nitrates. 
The spectra the standards and concentrates were 
photographed one plate, using the ISP-22 quartz 
with one-condenser system illumination 
GOST units; the slit width was the interelectrode 
distance was mm, the current strength was amperes, 
while exposure time was minute. The test sample, 
weighing mg, was placed the crater the lower 
electrode (anode), the depth the crater being mm, 
while its diameter was 3.5 mm. The upper electrode 
(cathode) was sharpened cone. 


The following analytical lines the test impurities 


Calibration curves were constructed within the coordi- 
Fig. Calibration curves for nates AS, log where the difference blackening 
determination bismuth and the analytical lines and the background; while the 
antimony. concentration expressed percent. example, 


have shown Fig. the calibration curves for bismuth 
and anitmony. The calibration curve for cadmium has similar shape. 


During the preliminary operations preparing the concentrates, impurities may get in, mainly with the 
reagents, and partial losses the impurities determined may occur, chiefly, during filtration the preci- 
pitate. order determine the magnitude such losses, radioactive indicators were used study the separation 


rhenium from its impurities. 
The radioactive isotopes used for this purpose are given Table 


The listed Table were obtained neutron bombardment spectrographically pure Sb, Sn, 
and metals, oxide, and lead acetate. The indicators, after they had been dissolved, were added the acetic 
acid solution thenic acid. Rhenium was precipitated with thallium acetate, and the precipitate checked for 
purity. Experiments showed that thallium perrhenate does not trap Bi, and Sb, which remain practically com- 
pletely the filtrate. Tin partially trapped the precipitate (up 30%); lead completely coprecipitated. 


The purity the reagents used and the absence appreciable contamination during the preliminary 
tions were checked blank tests. The solution thallium acetate was prepared from spectrographically pure 
metallic 


TABLE 


Element Mass number Half-life Nature 
period radiation 


122 2.8 days 
115 2.2 days 
210 days 
209 3.32 hours 
121 1.1 days 
125 days 


days 


the Latter Distillation 


1.36 
1.94 
0.6 


1.17 
0.64 
0.385 
2.6 
1.8 


The technique described permits determination Sb, Cd, and with sensitivity and higher, 
for coefficients equal and greater than 20. 


Radiation energy, 
MeV 


0.568 
0.68; 1.25 
6.335 
0.337 
0.3337 
Neg. 


The reproducibility the quantitative impurities rhenium amounts 15-20 when 
this technique used. The drawback this technique that does not permit determination impurities such 
and which are often met metallic also requires the use considerable amount 


Spectrographic Determination Impurities Metallic Rhenium After Removal 


oxide distills the impurities are concentrated. 


Preparation concentrates involved the following operations. quartz beaker, metallic 
was dissolved mixture 2-3 twice distilled nitric acid and 7-8 water, slight warming. The 
solution was evaporated 4-5 and placed, together with weighed aliquot carbon powder (100 mg), 
platinum quartz crucible. The mixture obtained was placed hot plate and the rhenium carefully distilled 
off, the residue was then calcined muffle 400-500° for 10-15 minutes. The concentrate prepared this 
way was then analyzed spectrographically. with carbon electrodes mm) was used excitation 
source for the spectrographic determination. The arc was supplied from mercury rectifier operating voltage 


250 


order cut down loss light. 


The optimum conditions for carrying out the analysis were follows: slit width inter-electrode dis- 
tance mm; the depth the crater the lower electrode into which the sample was fed was while its 
diameter was 3.5 mm; the upper electrode was sharpened cone. The standards were prepared from carbon 
powder which had been calcined the arc; this powder contained the following amounts all five 


For standards with the highest content impurities, the latter were introduced 
the carbon powder with the calculated amount 0.01 solutions the nitrates Pb, Sn, Sb, Bi, and Cd; the 
carbon powder was then dried and calcined 400-500° the course 10-15 minutes. The remaining standards 
were prepared diluting the more concentrated standards. The concentrated impurities from samples and stand- 
ards (weights mg) were evaporated from the crater the lower electrode under identical conditions. The 
spectra were registered plates with sensitivity 2GOST units. They were developed D-19 


developer for minutes. 


The analytical lines used were the following: 2288.02; 2598.06; 2833.07; 2839.99; Bi3067.72. 


and lines may masked the background from lines. Experiments showed, however, that the 
content pure industrial samples rhenium does not interfere when working with the analytical lines chosen 


for the test impurities. 


Reactions used 
for formation 


Bi(n, 
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curves (Figs. and were constructed within the coordinates AS, log where the differ- 
ence between the blackening the lines and the background, while the concentration (in %). 


Fig. Calibration curves for determination Fig. Calibration curves for de- 
bismuth, cadmium, and lead. termination lead and antimony. 


The technique described permits determination impurities the following concentrations 
and Pb, Sn, Cd, and Bi. Sensitivity determination the latter elements can made even 
Reproducibility the determinations 15-20 


TABLE 


The method was checked, and its reliability established, means results obtained during analysis carried 
out three series independent experiments. the first series experiments, the same sample was analyzed 
various degrees enrichment (by varying the ratio 
TABLE sample carbon powder). The agreement between the 
results testified the absence any appreciable increase 
impurities the main component. the second series, 
Impurity |is distilled, industrial sample rhenium was analyzed the two 
ted, techniques described above, well third ex- 
periments were carried out which known weight was 
added and then this amount determined analytically. The 
results these experiments are given Tables and 


TABLE 
First problem Second problem Third problem 


Found Added Found Added Found 


7- 
1- 
2. 
3- 


Added 
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results given Tables and show that there systematic loss the metals which 
affect the analytical results, while the mean arithmetic error does not exceed 15-20 


The method which rhenium evaporated from the sample while the are concentrated 
bon powder, could probably used, without any essential modifications, for the determination several other 
impurities present metallic rhenium, such Fe, Mo, Ca, Mg, etc. 


conclusion, should like thank Vainshtein for valuable advice connection with the 
the work. 


SUMMARY 


chemicospectropgraphic method has been developed for determining Cd, Bi, and Sb, metallic rhenium, 
the sensitivity the method being 10~* while the accuracy 15-20 


spectrographic method suggested for determination Pb, Sn, Cd, Bi, and metallic rhenium, 
which the main component removed evaporation. The sensitivity this method the case 
Sb, while for Pb, Sn, Cd, and Bi; the accuracy 15-20 


comparison the two methods for determining the Sb, Bi, and metallic rhenium, has shown 
that there satisfactory agreement between the results obtained both 
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KINETIC METHODS QUANTITATIVE ANALYSIS 


COMMUNICATION DETERMINATION SMALL AMOUNTS TUNGSTEN® 


Ivanov Chemicotechnological Institute 


Quantitative determination number elements can realized making use their catalytic action 
reactions whose rate comparatively slow and convenient for measurement. 


Oxidation iodide hydrogen peroxide acid media room temperature proceeds very slowly the 


absence 2]. has been established that the reaction rate increases the presence traces com- 
pounds sexivalent molybdenum and tungsten, well traces iron, uranium, and chromium [3, 4]. Catalysis 
reaction (1) molybdate has been used for developing method for its determination have used this 

reaction for developing method for the determination small amounts tungsten. 


EXPERIMENTAL 


The stock solutions used were 0.0100 and 0.00500 KI, the concentrations solution after mix- 
chemically pure reagents, the concentrations the solutions being established standard methods. view 
the absence methods for the determination small concentrations tungsten, the stock solution tungstate 


was prepared accurate dilution 0.02500 molybdate, the tungsten concentration the original solution 
being determined gravimetrically. 


acid, potassium and tungstate solutions, well water and starch, were introduced 
into standard flask, the whole thoroughly mixed, and the volume made the mark with water and the 
final solution again mixed. When hydrogen peroxide was added the stop watch was started. The concentrations 
0.100 mole/ liter; tungstate from 5.00 5.00 The solution was then introduced 
into the cell FEK-M photoelectrocolorimeter, and the optical density the solution measured after various 
time iatervals using KS-14 light All determinations were made 


the basis the results obtained curve for optical density against time was plotted. These curves proved 
straight lines (Fig. 1). The tangent the slope the straight line determines the rate the oxidation re- 


action each case, and, consequently, other conditions being equal, determines the catalyst (tungstate) concen- 
tration, 


From the experimental results curve was constructed relating the value the tangent the slopes the 
straight lines and tungsten concentration all the points again lie straight line (Fig. 2). This curve can 
used calibration curve means which possible determine tungstate concentration. 


further experiments, tungstate was determined the reaction mixture described above was made 


Communication Anal. Chem. 11, 319 (1956). 
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up, this case, instead the standard solution tungstate, the test solution was used and density measure- 
ments carried out the FEK-M apparatus, curve was then drawn relating optical density time, the slope 
the straight line obtained was determined, Finally, using the calibration curve (Fig. 2), the concentration tungs- 
tate the test solution was determined. 


carried out adding variable amounts solution reaction mixture containing 1.00 mole/ liter 


44 a 

Fig. Changes optical density the Fig. Relation between rate reaction (1) 
system and tungstate 


Tungstate 
mole/ liter; 1.5 mole/ liter; 

IV) mole/ liter. 


Fig. Relation between rate reaction Fig. Relation between rate reaction (1) 
(1) and iodide concentration. and hydrogen peroxide concentration. 
TABLE 


Evaluation the Reproducibility the 


Method 
(2.00 mole/ liter tungstate taken) 
Tungstate Deviation, 


Fig. Relation between rate reaction 
(1) and hydrochloric acid concentration, 


Next studied the relation between the rate the catalytic reaction and iodide concentration. This was 


as 
+7.5 
—5.5 
122 
= 


0.100 and 5.00 mole/ liter Na,WO,, and the reaction rate then determined. The 
relation between reaction rate and concentration shown Fig. the same way, the relation between 


reaction rate and hydrogen peroxide concentration was studied (Fig. 4), well the relation between reaction 
and the acid concentration the solution (Fig. 5). 


order evaluate the reproducibility the method, solutions sodium tungstate containing the same 
amount this salt were prepared from pure solutions tungstate, their concentrations were then determined 
netically described above. The results obtained are given Table 


The mean square deviation amounts 
TABLE 


Effect Other (Foreign) Ions Tungsten Determination tungsten concentration 
1.00 mole/ liter) 


order establish the effect the presence other fons the rate the catalytic reaction (and, 
consequently, the kinetic determination tungsten), various salts were introduced into the reaction mixture. 
The concentration the other was several thousand times the concentration the tungsten. The results ob- 
tained are given Table 


TABLE 


TABLE 


Solubility, Deviation from 
mole/ liter 


Experiment Experiment 
number number 


Solubility, Deviation from 
mole/ liter 


1.00 2.16 
1.09 2.28 
0.88 2.10 
0.96 2.14 
1.13 2.29 
2.23 


Mean value the solubility 


Mean value the solubility 


Since possible determine negligibly small amounts tungsten the kinetic method, decided 
use this method for determining the solubility tungstic acid and mercurous tungstate. These compounds are the 
main forms which tungsten precipitated during its gravimetric determination; the results reported the liter- 


ature for the solubility these compounds are few and contradictory. Thus, Rabinovich and Kargin give 
value mole/ liter for the solubility H,WO,. Schumb and Hartford [7] give value 
liter; there are available reliable results for mercurous tungstate. 


Tungstic acid forms colloidal solutions water, accordingly, determined solubility hydrochloric 
acid. H,WO, and Hg,WO, were prepared from the chemically pure reagents, the content was determined 
calcining aliquct the material, dried constant weight 120°, muffle All determinations 
were carried out apparatus thermostatted 


test material was placed 500 flask which was provided with stirrer The solvent was 
then added. The vessel was kept thermostat 254 0.05° for several hours. Samples the solution were 
taken periodically and their tungsten content determined kinetically. The results are given Tables 


and 


DISCUSSION RESULTS 


the basis the experimental results suggest the following equation for the rate the catalytic re- 
action 


where the catalytic coefficient, and are the concentrations hydrogen peroxide, 
and tungstate respectively. The catalytic coefficient depends acidity. This, apparently, may explained 

fact that the cationic forms tungsten which are catalytically active, and increasing the acid concentra- 
tion leads increase the concentration these cationic forms, and, possibly, alters their structure. When 

the acid concentration 0.1 the catalytic coefficient evaluated equation (2) 1.0 10° (time 
tes, concentrations mole/ liter 


the basis theoretical considerations advanced previously [8], possible evaluate the minimum con- 
centration tungsten which can detected this method. order carry out this calculation, necessary 
know the rate the uncatalyzed Under the conditions used, this value, according published 
results [2] equal 1.89, from which 


Consequently, the method suggest more sensitive than all methods known hitherto for determination 
tungsten. 


Tungsten can determined the method developed the presence number other elements. Cal- 
cium, magnesium, aluminum, zinc, nickel, cobalt, and manganese not essentially affect the reaction rate 
the concentrations these metals studied. Copper accelerates liberation somewhat, presumably, the 


Lead, mercury, and cadmium slow down the reaction, since they form complex with the fodide, there- 
lowering the effective concentration. Phosphates slow down the reaction, while fluorides, citrates, tart- 
rates, oxalate, arsenate, and silicate, the concentrations studied, completely suppress the catalytic action 
tungsten. 


SUMMARY 


new, highly sensitive method has been developed for the quantitative determination tungsten, which 
based using the catalytic effect the oxidation iodide hydrogen peroxide. 


has been found that the solubility tungstic acid hydrochloric acid (1.0 0.1) 10~ mole/ liter, 
while that mercurous tungstate water (2.2 0.2) mole/ liter. 
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SPECTROCHEMICAL DETERMINATION PLATINUM AND PALLADIUM 
URANIUM 


The Zhdanov Leningrad State University 


During determination small amounts the platinum group elements uranium, normal methods 
spectrographic analysis which are connected with excitation the spectra the test materials arc spark 


source light, not lead success. Consequently, necessary use some chemical method enrichment 
the samples. 


During determination noble metals ores, some authors have separated the metals from the samples 
cupellation and crucible fusion with lead. During analysis pure samples uranium, however, the problem 
can solved simpler fashion, namely precipitation platinum group elements the form their sul- 
fides means hydrogen sulfide. When this done, practically all the uranium remains 


and from solution containing least uranium, Copper was chosen carrier, since this metal known 
good collector for coprecipitation Copper was added the original sample the form 
solution its sulfate (0.1 per uranium). Precipitation was carried out from hot solutions 
The sulfides obtained were dissolved aqua regia and placed the end surface carbon electrode 
which had been moistened beforehand with solution polystyrene benzene.Completeness precipitation 
platinum and palladium was checked spectroscopically. was established that during the spectrographic de- 
relation can obtained between the blackening the analytical lines and the logarithm the concentration 
the test element. 


This simple operation coprecipitating the sulfides platinum and palladium with copper made possible 
free the test metals practically completely from uranium. Even the last lines uranium were absent the 
spectra the concentrates obtained. poor copper lines the spectra did not interfere with the spectro- 
scopic determination platinum and palladium. Spectrographic analysis the concentrate was carried out 
condensed spark (an IG-2 generator, 0.012 0.15 mH, inter-electrode distance mm, exposure se- 
conds). The spectra were photographed apparatus with average dispersion (ISP 24). “Spectro- 
Type plates were 


Considerable attention was devoted the question standardization during development the method. 
the first experiments, attempts were made use copper the reference element. This simple and convenient 
method introducing internal standard, however, could not used, since led distortion the analytical 
results during determination platinum and palladium uranium samples contaminated with copper. Choice 
another element whose sulfide would also precipitated quantitatively with copper, proved difficult; accord- 
ingly, taking into account the good reproducibility the enrichment process, decided introduce the element 
used internal standard, into the concentrate after enrichment, and not the original sample. The re- 
ference element finally chosen was gold which was introduced the form 0.01 solution the amount 
added being such that metallic gold was finally found the electrode. This same amount gold was 


The authors wish thank Zviagintsev for pointing this out 
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placed the electrode when the standard mixtures were used, the latter having been prepared from solutions 
the pure salts platinum, and copper. Analysis was subsequently carried out the three standards 
method. Table contains the analytical lines and reference lines used for determination platinum and palla- 
These pairs lines are sufficiently homogeneous, somewhat large distance the wave lengths 
the lines platinum and palladium used does not play special part the comparatively low accuracy ne- 
cessary for determination small 


Reference lines, 


2675.95 


TABLE 


Concentration range for 
determination and 


Analytical lines, 


2659.45 


The use such standardization technique reduces the errors which arise during the photography the 
spectra, and simplifies experimental procedure. The oniy errors which remain controlled are those which 
occur during precipitation the sulfides the test ele- 
ments. Numerous tests showed, however, that these errors 
are very The probable error single determina- 
tion platinum uranium, for concentration about 
platinum the latter, proved less than 
This over-all error was calculated the basis 
more than measurements, and made errors con- 
nected with enrichment operations, standardization errors, 
and errors arising during spectrographic analysis the 
concentrates. the diagram shown calibration curve 
for determination platinum uranium, with sensitivity 
Under the same conditions, palladium can 


Calibration curve for determination lytical sensitivity for determination these elements can 

increased increasing the weight the original uranium 
taken for analysis, the normal weight the latter 
used being 


This method can used for the determination platinum and palladium other The necessary 
condition for its application that the main component the test sample not precipitated hydrogen sulfide. 
particular, studied the possibility determining platinum mixtures the rare earths. passing hydro- 
gen sulfide through solution the sulfates the rare earths, the latter solution, while platinum sul- 
fide precipitated with the carrier (Cu). The analytical sensitivity proved somewhat lower than for the 
determination platinum uranium, since, result the low solubility the sulfates the rare earths, 
was necessary use smaller amount test sample for analysis. 


The authors wish thank Kund, and Iakimova for carrying out the control tests. 


SUMMARY 

method suggested for the determination small amounts platinum and palladium After 
platinum and palladium have been coprecipitated with copper the sulfides, the former are determined spectro- 
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NEW METHOD DETERMINING TELLURIUM 


Tomsk Polytechnical Institute 


The most important methods determining tellurium and selenium are based their reduction the ele- 
mental state acid solutions, with subsequent weighing the Sulfur dioxide gas, hydroxyl- 
amine hydrochloride, hydrazine hydrochloride sulfate, and sodium sulfite have been used reducing agents, 


methods determining tellurium and selenium are based the oxidation and se- 


lenites tellurates and selenates respectively strong oxidizing 3]. Photometric, polarographic, and 
other methods are aJso known for the determination tellurium and selenium. 


have found that tellurites and selenites, well and selenates, are reduced the elemental 


state boiling with lactose 10-11. Tellurium, after 5-10 minutes boiling, completely converted in- 
readily filtrable precipitate. 


The rate reduction lactose depends very large extent the temperature. the cold, lactose 
does not reduce selenium and tellurium, even alkali solutions, while boiling, this process very rapid. Acid 
solutions tellurites are not reduced lactose. The amount free alkali added for this reduction occur, 
affects the nature the precipitate and the nature the reduction process itself. Thus, when there insufficient 
alkali, the reduction held considerable extent, and there formed fine precipitate which difficult 
When large amount alkali present, the other hand, tellurium not quantitatively. 
When the amount alkali sufficient, after boiling, the color the solution light cherry-red, while when 
insufficient alkali present, the solution has greenish cherry-red color, and when excess alkali present, the 
color dark with raspberrry tinge. 


After reduction tellurites with lactose weakly alkaline medium, the determination finished either 


gravimetrically The method applicable the determination tellurium its alloys with 
antimony. 


Gravimetric Method for the Determination Tellurium 


finely ground Kahlbaum was treated closed 100-150 conical flask with 
the cold, and then heated. After the material had dissolved and nitrogen oxides had been removed boiling for 
short time, the solution obtained was neutralized with sodium hydroxide. When neutralization was 
complete, few drops added and neutralization completed dropwise addition the 
alkali the pink color the indicator. 6-8 drops the solution sodium hydroxide was added excess, 
and then lactose solution added, the mixture was diluted with water 50-60 and the whole 
boiled for 5-10 minutes. After boiling, the solution was carefully mixed swirling the flask, and then allowed 
stand. When the color the supernatant solution above the precipitate was cherry red, the solution was allowed 
get cold and was then filtered through No. tared glass crucible. The precipitate was washed 3-4 times 
decantation with hot water, and then washed 4-5 times the filter order remove ions. The precipitate 
was then washed 2-3 times with small portions alcohol remove water, and finally dried 105° constant 
weight. Results these gravimetric determinations are given Table 
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Titrimetric Determination Tellurium 


The most important titrimetric methods determining are based the following reactions 


The equivalent weight tellurium 63.85. 


tumed our attention the fact that freshly precipitated dissolves fairly readily acidified 
solution potassium dichromate, during which tellurium oxidized telluric acids 


used this fact for the quantitative determination The equivalent weight tellurium this re- 
action 21.27. best use sulfuric acid rather than hydrochloric acid for acidifying the dichromate solution, 
since the hydrochloric acid,it reduces the sexivalent tellurium formed the quadrivalent 


Tellurium 
found, 


TABLE TABLE 


Tellurium 
taken, 


Difference, Tellurium 


taken, 


Difference, 


found, 


0.0000 0.0274 
0.0001 0.0232 
0.0003 0.0248 0.0000 
0.0000 0.0250 
0.0002 0.0276 


Tellurium was determined follows. The aliquot tellurium was treated exactly the same way 
during the gravimetric determination. The mixture was filtered through plug glass wool and special 
asbestos the type used for Gooch crucibles. This plug was prepared follows: thin layer glass wool was 
placed the stem ordinary analytical funnel, this was followed layer asbestos which was then packed 
that the flow rate water from the funnel packed this way was one drop per second. The precipitate was 
washed with hot, solution sodium sulfate, first decantation 3-4 times, the filter 
itself 4-5 times. The washed precipitate was washed off the funnel (together with the asbestos) into the same flask, 
0.1 K,Cr,O, and were then poured through the funnel into the same flask into which 
the precipitate had been washed. this way the precipitate sticking the funnel was dissolved. was found 
advisable rub the inner surface the funnel with glass rod, that the precipitate can broken and there- 
can dissolved more readily. When the precipitate tellurium sticking the funnel had been completely 
dissolved, was washed few times with water and then stored. Heating the mixture 50-60° favored more 

rapid dissolving the was sufficient mix and break the larger particles tellurium with 
glass rod. When the precipitate had dissolved completely, 15-20 standard solution salt was added 
phenylamine H,SO,, the volume the mixture was made with water 100-120 and the final solution 
titrated with 0.1 until the solution acquired violet-blue 


Results for determination tellurium this method are given Table 


The titrimetric method determining tellurium applicable the determination the latter its alloys 
with antimony. 


Tellurites are reduced lactose the presence antimony the latter present solution. 
However, treating alloy with nitric acid, the antimony precipitated metaantimonic 
acid, which adsorbs large amounts tellurous acid. treating the alloy with aqua regia other acids, 
antimony dissolves completely, but during subsequent neutralization and dilution, antimony precipitated 
the form its basic salts. order keep antimony solution, treated the alloys with mixture nitric 


0.0304 0.0304 
0.0221 0.0220 
0.0246 0.0243 
0.0286 0.0286 
0.0256 0.0258 
= 
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and tartaric acid. Small amounts Fe, As, Sn, Pb, Cd, Bi, Se, and other elements may present these 
alloys addition antimony and tellurium. Fe, As, Bi, and compcunds, like the compounds antimony, are 
not reduced the metal lactose weakly alkaline media; they are kept solution means tartaric acid. 
Tin behaves differently, that appreciable amounts may precipitated the same time the 
This complicates the analytical procedure considerably, since there formed amorphous, finely dispersed pre- 
cipitate, consisting tellurium and tin compounds. When the tin content low, such complications are not ob- 
served. Lead and cadmium, when present small amounts, not interfere with tellurium determination. Car- 
bon does not dissolve nitric acid and can removed filtration. The elements which exhibit the greatest 
interference are copper and selenium which are precipitated together with tellurium during reduction means 
lactose. Thus, copper and selenium should removed before proceeding with reduction tellurium. This 
would complicate analysis appreciably. 


tried solve this problem establishing conditions whereby would possible reduce tellurium 
the presence copper and selenium, rather than resorting removal copper and selenium beforehand. With 
this aim view, tellurites were reduced means various reducing agents, which, our opinion, should hold 
the copper and selenium strongly enough the form complexes. The best results were obtained when potassium 
ferrocyanide was the presence this compound, copper and selenium, weakly alkaline media, are not 
only not reduced the metals such moderate reducing agents lactose, but are not even reduced 
the same time, potassium ferrocyanide does not interfere with reduction tellurium and does not affect the 
rate which separates out. The composition the ferrocyanide complexes formed under these conditions are 
not considered the present article. Investigations along these lines are being continued. 


Tellurium was determined follows. 


aliquot alloy containing tellurium was treated heating with mixture nitric 
and tartaric acids. The composition this mixture volumes HNOs sp.gr. 1.40 and volumes 
tartaric acid. this mixture was used for alloy. Prolonged boiling should avoided, well 
insufficient tartaric acid. Otherwise, antimony, the form meta-antimonic acid, may precipitated under 
the conditions used for reduction the tellurium. When the sample had dissolved, nitrogen oxides were removed 
boiling the solution for short period. was found useful add 5-10 water during this process. When, 
after the alloy had dissolved, there remained black particles, these were filtered off and the filtrate obtained 
neutralized with NaOH using phenolphthalein 6-8 drops the alkali was added excess, followed 
50-60 with water and the whcle boiled for 5-10 minutes until the precipitate had coagulated completely, 
the latter being stirred periodically. The precipitate was filtered off plug glass wool and asbestos, and 
0.1 and After the tellurium had dissolved completely, 15-20 a0.1solution 
ture was diluted 100-120 with water and drops diphenylamine solution the excess salt 
was finally titrated with potassium dichromate. 


order give idea the reproducibility the results give below those obtained for two samples 
antimony-tellurium alloys. Sample Tellurium found 2.93; 2.94; 2.97; 2.93; 2.96; 2.96. Amount 
found 2.95 Sample Tellurium found, 9.51; 9.52; 9.55; 9.54; 9.57. Amount 
found gravimetrically: 9.55 


These results show that the method ensures good reproducibility. The deviation from the mean value for 
tellurium content about %(sample does not exceed 0.02 while tellurium content about 
(sample the deviation does not exceed 0.08 


SUMMARY 


rapid method has been developed for the quantitative reduction tellurite elemental tellurium 
weakly alkaline media means lactose; the method permits rapid gravimetric and titrimetric determination 
tellurium with high degree accuracy. 


titrimetric method has been developed for determining tellurium antimony -tellurium alloys. Small 
amounts As, Sn, Bi, Fe, Pb, Cd, Cu, and not 


Potassium ferrocyanide weakly alkaline media prevents reduction copper ard selenium the elemental 
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ABSORPTION SULFUR OXIDES SILICATES 


Fedoseev 


The Makarov Nikolaev Ship Building Institute 


Lead chromate, lead dioxide, metallic silver have been used elemental organic analysis for combining 
with the oxides sulfur which are formed during the combustion organic compounds. Lead dioxide has num- 
ber disadvantages and hardly used all present. Lead chromate readily corrodes the quartz tubes high 
temperatures, and has comparatively low melting point. Metallic silver which excellent absorbent not 
only for sulfur oxides, but also for the halogens [1] is, however, expensive and not very readily available, addi- 
tion, temperatures silver may corrode the quartz tubes. 


have already pointed out one our previous articles [2] that sodium and potassium silicates may 
used instead silver for sulfur oxides. The present article devoted study the absorptive capa- 
city number other silicates. 


Silicates used for quantitative analysis should refractory, and should not abscrb CO, and water vapor, 
further, they should rapidly and quantitatively absorb sulfur oxides and should not corrode quartz tubes; the sulfate 
the result absorption the sulfur oxides should stable elevated temperatures 


Table contains some properties number si- 
licates. Tests showed that sodium and potassium silicates 
Anion Melting absorb moisture and corrode the tubes. Lead 

position point, silicate has low melting point. the other silicates, 

according our results, magnesium silicate exhibits the 
weakest absorptive capacity for sulfur oxides (Table 2). 


TABLE 


interesting note that the absorptive capacity 
the silicates which studied drops appreciably with 
decreasing temperature. Quantitative absorption sulfur 
oxides the silicates can explained two 

Decomposes the shift the equilibrium toward formation sulfur 

Decomposes trioxide the latter absorbed the 


Sulfur oxides are absorbed fairly well lead chromate, 
but their absorption the latter very much inferior 
the absorption these oxides barium, calcium, strontium, and cadmium silicates. 


low temperatures (from 350 500°) nitrogen oxides are poorly absorbed. increasing the temperature 
600-700°, complete dissociation nitrogen dioxide nitric oxide and oxygen The reverse reaction 
formation nitrogen dioxide comparatively slow low temperatures, consequently silicates are not suit- 
able for trapping nitrogen oxides. 


During absorption halogens, the silicates form chlorides, which, high temperatures and strong stream 
oxygen, can carried through the latter and thereby distort the analytical 


Silicates are great interest for analysis sulfur-containing materials. have established that, 
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TABLE 
(Weight Sulfosalicylic Acid 0.1 
Absorbent used for 


absorbing sulfur 
oxides 


silicate which the Observations 
layer, silicate 
heated, 

deg 


Magnesium silicate 100 layer magnesium 


silicate was used for seven 
tests without breakthrough 
sulfur oxides when the 
Cadmium silicate oxygen throughput was 250 
minute 


Manganese silicate 


Barium silicate Breakthrough sulfur 
oxides occurred during the 
test when the oxygen 
throughput was 150 mi- 
nute, the length the barium 
silicate layer was 


Calcium silicate 


Breakthrough sulfur ox- 
ides occurredin the seventh 
test when the oxygen through- 
put was 160 minute,and 
the length the silicate 
layer was 


100 11.6 250 
200 23.2 330 
200 23.2 700 600 
200 23.2 700 650 Yes 
100 13.2 120 
200 26.4 120 
200 26.4 300 Yes 
9.2 700 150 
200 30.2 175 
30.2 700 255 
30.2 700 500 
30.2 700 720 Yes 
30.2 700 300 
30.2 700 620 
30.2 650 Yes 
10.5 700 250 Yes 
1.6 700 160 
7.6 700 160 
7.6 700 160 
1.6 700 160 
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TABLE (continued) 


Absorbent used for 
absorbing sulfur 


silicate 
layer, 


Observations 


Strontium silicate 


Breakthrough sulfur oxides 
was observed the 24th test 
when the oxygen throughput 
was 160 minute and the 
length the layer 
was 


Lead chromate 100 
200 
200 
200 
200 
200 Yes 


increasing the temperature, 
the chromate melted and the 
tube was spoiled 


result the rapid and efficient absorption sulfur oxides strontium, calcium, barium, and cadmium silicates, 
they can used for the simultaneous determinaticn and one aliquot test material. Two boats 
filled with silicate are placed the forward edge the tube for trappingthe sulfur oxides. Because the small 
surface area the boats, the analysis cannot carried out rapid oxygen expedient use large 
diameter tubes (see the experimental part). 


EXPERIMENTAL 
Commercial, filtered liquid glass (sodium silicate) can used for preparing the silicates. 


approximately solution sodium silicate and solution the appropriate salt (not the chloride) 
are gradually mixed with periodic stirring, until the insoluble silicate has finished depositing (test for complete 
precipitation). The bulky, friable precipitate transferred beaker containing distilled water, the mixture 
stirred and then allowed stand for 30-40 minutes, and the silicate removed again filtration. This treatment 
sepeated few times until the filtrate gives reaction for chloride ions. The final, filtered silicate calcined 
for 5-6 hours 


The actual amount insoluble formed much greater than one would expect calculat- 
ing the basis the metal silicate. Silicate precipitates corresponding composition the di- and 
silicate (or their mixtures) are prepared this way. The silicates, with few exceptions (manganese silicate 
brown) have white color, have low specific gravity and large surface. Magnesium, calcium, strontium, and 
cadmium silicates exhibit negligible hygroscopicity. lots these silicates not change their weight 
more than 0.02-0.03 the course 10-15 days. 700-800° they hardly corrode quartz tubes 


The absorptive capacity the silicates was studied the usual type apparatus used for elemental analysis. 
Aliquots sulfosalicylic acid were subjected combustion quartz tube 600-700 long (20 
diameter) oxygen The end the tube was connected with spiral potash bulb containing distilled 
water. Hardly any the sulfur trioxide was held back the potash bulb, and issued from the potash bulb 
white cloud. Even negligible breakthrough the sulfur oxides could detected the appearance small 
amount white smoke the opening the potash bulb. 


The experimental results which are adduced Table show that the sulfur oxides are very efficiently ab- 
sorbed calcium, strontium, barium, and cadmium silicates, 


200 31.00 700 650 
100 15.50 100 110 
100 15.50 700 375 
100 15.50 700 390 
1.15 700 130 
100 160 
1.15 320 
400 
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Quantitative Trapping Sulfur Oxides Silicates. The results these experiments enable develop 
method for the quantitative determination sulfur organic materials means silicates. 


TABLE 


Test material and between 
absorbent found and Observation 


Sulfosalicylic acid 0.0996 12.4 12.6 The diameter the 
(strontium silicate) 0.0843 0.0262 12.4 12.6 tube was mm, the 


Sulfosalicylic acid 0.0486 0.0153 12.6 silicates were ground 


give particle size 


Sulfosalicylic acid 0.0782 0.0246 12.5 12.6 free from dust, the si- 
(barium silicate) 0.0688 0.0216 12.6 12.6 licate was loaded into 
two boats 70-80 long 


For this purpose 2-3 boats 7-8 length were placed inside the quartz tube. When sulfur-containing 
organic compounds were subjected combustion such tube, the sulfur oxides formed, passing over the heated 
boats, were completely absorbed the silicates. Some the results this series teste are 
Table result the small surface area the boats, the oxygen throughput was kept down below 100 mi- 
nute, order avoid breakthrough the sulfur oxides (for tube diameter 20-22 mm), When tubes fitted 
with ground glass joints and containing longer layer absorbent are used, the oxygen throughput can increased 
considerably (to 200 and more ml/ minute). 


TABLE 


Found, Calculated, 


Sulfosalicylic acid 0.0182 -15 +0.18 Calcium silicate 
250 minute 
Sulfonal 0.0346 -08 Strontium silicate 
150 
250 minute 
Dibenzylsufide 0.0388 -06 Strontium silicate 
150 
250 minute 
pentenesulfide) 150 
250 minute 


The results given Table show that possible use silicates for absorbing sulfur oxides during determi- 
nation carbon and hydrogen containing sulfur. silicate layer 15-20 long used 
the quartz tube instead lead chromate such analyses. Tests are being continued. 
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SUMMARY 


During study the absorption sulfur various silicates was established that strontium, 
barium, and cadmium absorb these oxides quantitatively 700-800°, Strontium, cadmium, and 
calcium silicates exhibit low The silicates not corrode quartz tubes 


Calcium, strontium, barium, and cadmium can used for the quantitative determina- 
tion sulfur, carbon, and hydrogen organic 
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ANALYSIS HIGH MOLECULAR WEIGHT ORGANOSILICON COMPOUNDS 
INFRARED SPECTROSCOPY 


Kreshkov, Iu. la. Mikhailenko and Kirichenko 
The Mendeleev Moscow Chemicotechnological Institute 


Chemical methods analysis not always allow one determine the composition, and, particular, the 


characteristic atomic groupings test compound. the composition and the structure the test compounds 
become more complex, the efficiency chemical methods analysis decreases more and resorting 


physicochemical and physical methods analysis, e.g. using spectrographic molecular analysis the infra- 


red, the problem can solved very successfully. 


TABLE 
Atomic group Frequency, Wave length, ing 
1050—1030 9.5—9.7 
810 12.3 
700 14.3 
467 21.4 
188 53.0 
355 28.1 
2210—2105 
944—935 10.6—10.5 
921 
745—740 13.4—13.5 
713 4.0 
694—689 14.4-14.5 
944—935 10.6—10.7 
892 
713 14.0 
1547 6.46 
1286 —1162 
1282 7.8 
1234—1219 8.1—8.2 
832 12.0 
855 
832 12.0 
694—689 14.4—14.5 
3500—3330 
Cyclic siloxanes 
Trimer 1020— 1010 9.8—9.9 
Tetramer 1090—1080 


All the work carried out hitherto the study organosilicon compounds infrared methods has been con- 
nected with the study the infrared spectra individual compounds, and the absorption maxima found such 


work relate certain chemical bonds and atomic groupings the molecules the test compounds. 
single solution has been found for certain problems (e.g. the question the bands characterizing 
bonds Nevertheless, even this stage the development the field indicated, has become possible 
determine number atomic groups and bonds the molecules organosilicon for which 


istic abscrption bands have been established. 


previous article tumed our attention the possibility using infrared absorption spectroscopy for 
analyzing monomeric organosilicon Table has been compiled the our own studies and 


published results 


are unaware any work devoted infrared studies high molecular weight compounds obtained 
the interaction various organosilicon compounds with organic inorganic compounds. the meantime, how- 
ever, such compounds are finding wider application the various fields industry and new techniques 


The article devoted the analysis high molecular weight compounds obtained the combination 
organosilicon compounds with polymeric organic compounds which are characterized the presence free hy- 


TABLE 


Product the initial con- 
densation glycerol with 
phthalic anhydride 


Dimethyldichlorosilane 
Product formed inter- 

TABLE 


Test material 


Product the initial con- 
densation glycerol with 
phthalic anhydride 


Ethyl ester orthosilicic 
acid 


Product formed inter- 


TABLE 


Test material 


Product the initial con- 
densation glycerol with 
phthalic anhydride 


Product formed inter- 

TABLE 


Test material 


Product the con- 
densation aniline and 
formaldehyde 


Trimethylchlorosilane 


Product formed inter- 


During study the materials obtained the interaction the iritial condensation product 
and phthalic anhydride, and also the condensation product aniline and formaldchyde with chlorinated 
silanes and tetraethoxysilane respectively, chemical analysis method shows that there decrease 
the number hydroxyl groups the final products, compared with any the original products containing OH- 
(Tables 2-7). Silicon can determined (Tables 2-7) the final products photocolorimetric method 


Using infrared absorption spectroscopy was found possible find number analytical features, means 
which the presence certain atomic groups and chemical bonds can established the molecules the 
organosilicon compounds, and which give indication the structure the test materials and enable one 
assess the changes which occur during the chemical take place. 


The test materials used the present investigation were obtained combining the products the initial 
condensation glycerol and phthalic anhydride, and the initial condensation aniline and fomaldehyde, with 
dimethyldichlorosilane, and tetraethoxysilane respectively. 
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TABLE TABLE 


Test material Test material 


Product the initial con- 
densation aniline and 
formaldehyde 


Product the initial con- 
densation aniline and 
formaldehyde 


Dimethyldichlorosilane 


Product formed the inter- 


Tetraethoxysilane 


Product formed the inter- 


These products were synthesized according published methods [13,14]. The original and final products 


were subjected careful purification, their purity being checked their boiling point, specific gravity, refractive 
index, and infrared absorption spectra, 


The infrared absorption spectra were photographed spectrophotometer. The source 
tion was lamp which was fed stabilized electric current 0.8 amperes voltage 127 volts. The 
stability the current applied the lamp was ensured means ferroresonance stabilizer and barreters. The 
infrared receiver was vacuum-compensated radiation thermoelement with manganin and constantan couple. 

FEOU-15 photoelectrooptic amplifier was used for increasing the thermal currents amplifier the Kozyrev 
type. NaCl and LiF prisms were used dispersion elements. 


Measurements were carried out the range 
(6400-667 cm™). The absorption spectra 
diphenylsilanediol, trimethylchlorosilane, and the 
ethyl ester orthosilicic acid were taken 
lutions these materials carbon tetrachloride, the 
range 2-10 (5000-1000 and carbon disulfide 


The condensation product glycerol with phthalic 
anhydride, and the products formed reacting this con- 
densation product with diphenylsilanediol, trimethylchloro- 
silane, dimethyldichlorosilane, and the ethyl ester 
orthosilicic acid were studied the form films 


Fig. Absorption maxima 

absorption spectra the product 
formed during the initial conden- 
sation glycerol and phthalic 
anhydride and, addition, 
materials obtained the in- 
teraction this product with 
tetraethoxysilane with 
trimethylchlorosilane and 
with dimethyldichlorosilane 


18-20 thick. Film thickness was measured vertical 
were obtained evaporating solutions the test materials 
acetone from plates NaCl KCl. order remove 


the last traces solvent, the plates were finally dried 
vacuum desiccator. 


The condensation product aniline and formalde- 
hyde, and also the materials formed combining this 
product with trimethylchiorosilane, dimethyldichloro- 
silane, and tetraethoxysilane were studied the form 
tablets 1.5 cm, weight 250 mg), obtained pressing 
mixture KBr powder and the test material [15, 
Pressing was carried out special 
pressure 7-8 ton the powdered test 
material was taken for KBr. 


comparison was made the spectra the aniline-formaldehyde resin the form films, the form 
which was precipitated from its solution benzene, and the form tablets. The spectra proved 
thus the methods are interchangeable. 


are given the absorption bands (3333 for the initial condensation product glycerol 
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and phthalic anhydride and also for the obtained the interaction this with tetraethoxy- 
silane trimethylchlorosilane —3; and dimethyldichlorosilane —4. Fig. shown the curve which shows 
the change intensity the absorption band (3333 the spectrum the product initial con- 
densation trimethylchlorosilane added it. 


These results lead one conclude that the absorption band (3333 can used analytical 
characteristic the presence similar high molecular weight compounds, 


Fig. Change intensity the Fig. Absorption maxima 2.98 (3360 

tion band (3333 the infra- the infrared absorption spectra the product 

red spectrum the product formed formed the initial condensation aniline 

condensation glycerol and phthalic and formaldehyde and also the material 

trimethylchlorosilane formed interaction this initial condensa- 

added it. tion product with 
chlorosilane and with dimethyldichloro- 
silane 


Fig. given the absorption bands 2.98 (3360 cm™) for the initial product the condensation 
aniline and formaldehyde and also for the material obtained the interaction this product with tetra- 
ethoxysilane with trimethylchlorosilane and with dimethyldichlorosilane evident from Fig. 
that the intensity the absorption band hardly changes all, although chemical analysis (Tables 5-7) indicated 
significant decrease OH-groups the final products the interaction compared with the reactants. This 
probably the consequence the fact that the absorption bands and bonds overlap and mask each 
other. were unable resolve these bands. Consequently, high molecular weight compounds, similar 
those have studied, which contain bonds, the use the absorption band 2:98 (3360 for analysis 
infrared spectroscopy considerably complicated the present level experimental technique. 


clear from Tables and that all cases where the initial organosilicon compound used test material 
new absorption band appears the spectrum the final product 9.5-9.6 
(1050-1040 which not present the spectrum the original products. The appearance this band can 
only explained the formation new atomic group the result chemical process 


The formation the atomic group always leads the appearance absorption band 9.5-9.6 
Accordingly, the band 9.5-9.6 (1050-1040 may used anlytical character- 
istic for establishing the presence bonds complex organosilicon compounds, 


SUMMARY 


analytical method, based the use infrared absorption spectrascopy, has been developed for the 
analysis polymeric organosilicon compounds obtained interacting the products the initial condensation 


glycerol and phthalic anhydride, and also aniline and formaldehyde, with 
silane, and 


has been established that the absorption band 9.5 (1050-1040 can used analy- 
tical characteristic for the bond similar high molecular weight compounds, 


The absorption band 3.00 (3333 can used reliable criterion for the qualitative and 
quantitative OH-groups organosilicon compounds which not contain bonds, the ab- 
sorption the latter band 3.00 (3333 overlaps the band characteristic the bonds. 
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BROMOMETRIC METHODS FOR THE DETERMINATION UNSATURATED 
MIXTURES 


and 


The Zelinskii Institute Organic Chemistry, Acad. USSR, Moscow 


During the catalytic dehydrogenation isopentane there formed catalyzate which mainly consists 
five components the originalisopentane, three isoamylenes, and isoprene; the ratio the components the 
mixture depend the reaction conditions. The rather few published results [1, studies such mixtures show 
that there yet definite analytical method for such mixtures. One the fundamental characteristics 
hydrocarbon mixtures containing olefines, the percentage total unsaturatedness the mixtures expressed bro- 
mine iodine numbers, but even this simple determination used several variants. The most widely used 
methods determining olefines solution are the bromometric methods Rosenmund [3], Kaufman-Gal ‘pem 
5], and Mcilliney-Virabiants contrast the first two methods, the latter makes attempt 
take into account the substitution reactions which during the bromination process. The Rosen- 
mund methods differ the experimental conditions, and these differences lead appreciable deviations during 
the determination unsaturatedness olefine mixtures. The reactions are not limited combination bromine 
molecules across the double bonds, but, depending the conditions used, may accompanied number 
secondary 10]. The ease with which one another these secondary reactions may occur de- 
pends primarily the structure the given olefine, well bromination conditions nature the sol- 
vent, extent dilution, temperature, etc. Petrov [8] who used the Kaufman method for studying the bromination 
120 various olefines methanol solution, showed that the result this reaction determined the structure 
the hydrocarbons, and that some them, for example, with double bonds linking secondary and 
carbon atoms, combine with more than one equivalent bromine. The difference between the calculated 
and experimental results great, that the basis these observations, the author suggested method for eva- 
luating the branching the unsaturated hydrocarbons the basis their reactivity bromination reactions. 
obvious that standard conditions which are suitable for the quantitative bromination mixtures any olefines, 
simply not exist, accordingly, principle, impossible carry out accurate determination mixtures 
olefines any bromometric method. The conditions under which one the olefines combines with exactly 
one molecule bromine will prove unsuitable for others, which, under the same conditions, there will occur 
clearly expressed secondary reactions combination bromine molecules will take place too slowly. the 
first instance the analytical result will high, the second will low. also natural that sol- 
vents with different polarities will exhibit different activating effects substitution reactions, and accordingly 


small deviations the results obtained analysis carried out according different procedures will unavoid- 
able. 


When the test mixtures contain diene hydrocarbons with conjugated double bonds, they will usually combine 
rapidly with one molecule bromine, but react very much more slowly with second bromine molecule [11, 
The percentage unsaturatedness diene hydrocarbons usually only slightly excess 50% when calculations 
are based the assumption the presence two double bonds. The rate with which the bromine molecule com- 
bines with the hydrocarbon depends the temperature the medium and the duration the reaction. 


Thus, there single bromometric method which capable giving absolutely correct analytical results. 
Such methods exist can only used with fair degree accuracy for the determination the unsaturatedness 
mixtures olefine and diolefine hydrocarbons. 
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The article devoted comparative evaluation the accuracy bromometric methods de- 
termining unsaturatedness, and the choice the most suitable method for the analysis catalyzates obtained 
during dehydrogenation Three bromometric methods those Rosenmund, and Virabi- 
ants were checked pure hydrocarbons, and also mixtures isopentane and 
differing the number and concentration the various components. has been shown that the Virabiants 
method not suitable for the analysis such mixtures, since the experimental error not and amounts 
7-8 absolute. 


Results the analyses out according the Rosenmund and method confirmed that the accu- 
the determination unsaturatedness depends the structure the hydrocarbons (or the composition 
the mixture). 2-Methylbutene-2 and 3-methylbutene-1 brominate without complications and combine with one 
molecule bromine, while 2-methylbutene-1 absorbs more than one moiecule bromine. Bromination 
prene the Rosenmund and methods also high results (assuming one double bond). 


Analysis two component mixtures isopentane with the isoamylenes shows that both methods 
could used for studying such mixtures, the accuracy achieved being absolute. exception the 
mixture isopentane with 2-methylbutene-1, analysis which the Rosenmund method gives results which are 
too high this corresponds the extent which the results obtained during determination the unsatu- 
ratedness pure 2-methylbutene-1 are too high (see mixtures 15-17). Results the analysis three 
and four mixtures indicate that long such mixtures not contain isoprene (see below, mixtures 
18-23, 38-40, 28-29), the absolute experimental error for determination the olefines the average equal 
adding isoprene three component mixtures, the analytical error increases absolute. 


From the analytical five-component mixtures, follows that for 
method, absolute the method (see below mixtures 30-36 and 42-44). 


Since the catalyzates obtained during isopentane are also five-component mixtures with 
low isoprene content, tried use the results obtained similar synthetic mixtures order establish the 
unsaturatedness the catalyzates. 


Since the mean error the determination unsaturatedness five-component mixtures systematic 
character both methods, should possible apply corrections the final results (for isoprene contents 
the mixtures %). Experiment confirmed the correctness this assumption. Comparison the total 
unsaturated hydrocarbons seven catalyzates obtained from the dehydrogenation isopentane, determined 
the two shows that introducing correction factors, the values obtained for unsaturated hydrocarbons 
the catalyzates, the Rosenmund and methods, practically 


Bromination methods only enable total determination ethylene and diene hydrocarbons carried out; 
determination olefines the presence dienes is, principle, impossible, and the true content the mono- 
olefines can only found the difference between total unsaturated hydrocarbons and the content diene 
hydrocarbons. For correct evaluation the amount isoamylenes the catalyzates, which may contain iso- 
prene, necessary make corrections the bromometric results. 


Isoprene can determined quantitatively means general methods which are applicable for the de- 
termination diene hydrocarbons. These methods differ from each other principle, and each them based 
some reaction which characteristic diene compcunds. Such methods include the diene condensation with 
maleic chloromaleic anhydride [13, the catalytic hydrogenation dienes the Dolgoplosk method 
the volumetric diazometric method coupling dienes with and the Robey Wiese 
photometric method 


The common drawback all the methods indicated the time carry them out. One determination 


takes hours, and even the most rapid method the photometric one takes about 1.5 hours. The accuracy 


diene determination varies from 0.3-3 absolute, depending the technique employed. 


The Robey Wiese not general method for analysis dienes, but relates specifically determination 
isoprene; based the coloration strongly diluted solutions isoprene absolute methanol heating 
the solution with mercuric acetate. The appearance and the intensity the color independent the presence 
the test material not only mono-olefines, but also other dienes piperylene and cyclopentadiene. The 


(in the presence large amount further increases the concentration the ne- 


cessitate greater dilution the solutions, The experimental error, according the authors, one 
nation takes about 1.5 hours. 


used the Robey Wiese method the present work for studying mix- 
tures. preliminary check the method, using synthetic three-, four-, and five-component mixtures 


with 2-methylbutene-2, 2-methylbutene-1, and 3-methylbutene-1, demonstrated that this method 
fully applicable for such determinations. 


all cases good agreement was obtained between the experimental and calculated 
The experimental error was less than absolute, and one determination took hour minutes; when 
series determinations were carried out, the time for one analysis was cut down minutes. The photometric 
method studying mixtures containing convenient view the simplicity the technique, since 
does not require numerous accurate weighings titrations. This advantage, together with its satisfactory accuracy 


and rapidity, permits one recommend this photocolorimetric method control method for the determination 
isoprene under production conditions. 


Thus, knowing the concentration isopentane -isoprene-isoamylene mixtures, the true content 
the isoamylenes (P) can calculated means the 


where the total amount unsaturated hydrocarbons found the mixture; the isoprene concentration 


the mixture; while the correction factor (for the Rosenmund method 0.96, while for the method 


Just the time when the present work was being finished and was being prepared for publication, short 


Timofeeva appeared dealt with the analysis mixtures isopentane with the 
and isoprene bromometric method. 


contrast our the correction factor which Timofeeva into the final formula 
they used, only took into account errors introduced the result inexact bromination isoprene. 


order prepare the synthetic mixtures used our work, the following hydrocarbons were prepared and 


Isopentane. The commercial product after purification distillation column with efficiency 
theoretical plates had boiling point 27.9° (760 mm); 1,3537; 0.6194. 


The Isoamylenes were prepared dehydration isoamyl alcohol over activated alumina 350 and 500° 
volume rate 0.5-1 liter/hour. The fraction catalyzate boiling 40° was boiled with sodium 
after which was fractionally laboratory column with copper packing, the efficiency which was 
about 100 theoretical plates, The three isoamylenes were separateds 


(b.pt. 38.6 (760 mm), 1.3874, (0.6622); 
2-methylbutene-1 (b.pt. mm), 1.3778, (0.6502); 
(b.pt. 20.0(760 mm), 1.3641, (0.6270). 


The commercial product was purified from impurities through its cyclic adduct with SO, 
after distillation through column with plate efficiency 35, had boiling point mm), 
1.4218; 0.6805. 


Synthetic mixtures were prepared from the individual components weighed out analytical 
The total content unsaturated hydrocarbons was determined three methods: 


Method [3]. The bromine solution (0.1 was prepared glacial acetic acid which pyridine 


and sulfuric acid were added. The bromine solution was standardized against thiosulfate. The test aliquot was 
dissolved chloroform, 


Method. The bromine solution (0.2 was prepared methanol saturated with sodium bro- 


The methanol was distilled, without preliminary standing over potassium hydroxide, through column 
with glass packing and with efficiency theoretical plates- Test aliquots were dissolved 


Method [6]. The bromine solution (0.2 was prepared carbon tetrachloride. The test aliquots 
were also dissolved carbon tetrachloride. 


Experimental Procedure. solvent, and the sample sealed thin walled glass ampoule, were 
introduced into 200 Erienmeyer flask with ground glass stopper. Both the ampoule and the solvent were 
cooled beforehand. The ampoule was broken means glass rod and the bromine solution added the flask 
until the appearance stable yellow color. The subsequent procedures followed, depending the method chosen 
for determining the amount unsaturated hydrocarbons. The aliquots the samples taken were weighed out 
analytical balance. The sample weights ranged from 0.15-9.2 the case the Rosenmund method, 
0.1 the case the method, and 0.15 for the Virabiants method. 


TABLE 


Percentage Unsaturated Hydrocarbons Isoamylenes and Isoprene Weight 


Rosenmund 
Hydrocarbon method 
Error, ab- 
solute, 


2-Methylbutene-1 
Isoprene® 


Calculations for unsaturatedness are based one double bond. 


Results for the determination the percentage unsaturated hydrocarbons the isoamylenes and 
are given Table while the unsaturated hydrocarbon contents synthetic mixtures are given Tables and 
The values quoted the tables wich indicate the hydrocarbon content weight percent, 
are the means several determinations. 


The correction factor the case determination unsaturated hydrocarbon content the Rosenmund 
methods, was calculated the mean deviation the caluclated content unsaturated hydrocarbon 
mixtures from the value determined experimentally (mixture was not taken into account). 


Table contains the means obtained for determination unsaturated hydrocarbons catalyzates 
from catalytic dehydrogenation isopentane, carried out under various conditions. The values for the unsaturated 
hydrocarbon content catalyzates determined the Rosenmund method are higher than those obtained 
the method, the case five-component introducing the necessary 
tion factor the values for the unsaturated hydrocarbon content the catalyzates determined the Rosen- 
mund and Gal"pern methods become very similar each other, and the mean deviation between the two methods 
amounts 0.5 absolute. 


Determination isoprene mixtures was carried out the FEK-M 
electric colorimeter using blue filter. The calibration curve was constructed with the aid standard solutions 
chemically pure isoprene absolute methanol. 


Analytical Procedure for 95-97 absolute methanol was introduced into 100 standard 
flask, which was then stoppered and weighed analytical balance. test mixture was then introduced 
into the flask means pipet whose tip was placed just the alcohol surface, the flask was then weighed 
again, and the volume the solution made the mark with The solution was carefully mixed and 
kept cold place away from light. 2.5 mercuric acetate was weighed out into each two test tubes 
15-20 ml, exactly the solution prepared and methanol were added, and the tubes sealed while 


method method 
Error, Found Error, 
absolute, absolute, 
99.8 -0.2 98.9 95.0 -5.0 
99.8 -0.2 98.8 96.6 
112.4 103.2 92.2 
106.5 +6.5 104.6 100.3 +0.3 
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TABLE 


Composition mixtures weight 


nsaturatedh 


senmund 


com 


ooo 


et 


ws 


rom N ww 


S58 


Calculations for unsaturated hydrocarbon content are the assumption the 


presence one double 


TABLE 


Mixtures 


os 
ese 


MINS 


Calculations for unsaturated hydrocarbon content are based onthe assumption the presence 


one double bond. 


| | 
Mixtures 
mixture 
43.1 
20. 32.3 
151 
7 


TABLE 


Determination the Unsaturated Hydrocarbon 


Without application 
cor. factor correction factor 


vl, 
Ela 
52.5 4.6 54.8 
35.3 2.2 36.0 
54.6 4.6 56.8 
25.5 2.2 26.6 


being cooled. The fused tubes were immersed water bath operating 604 1°, the mercuric acetate 
rapid agitation the the tubes were then kept 60° for exactly one hour. When the hour had elapsed, 
the tubes were cooled under the tap for 5-7 minutes and unsealed, the contents were filtered rapidly under dry 

air pressure through porous No. glass filter (see diagram). The optical density the filtrate was determined 
immediately; two determinations may differ 0.002-0.003 units. The glass filters and cells were washed 
afier use with concentrated hydrochloric acid and water, and rinsed with distilled water, alcohol, and dry acetone, 


TABLE 


Determination Isoprene and Calculation the Concentrations 
Synthetic Mixtures 


Composition Isoprene Calculation the concentration the iso- 


mixture 


Calculations the unsaturated hydrocarbon content are based onthe assumption 
the presence one double bond. 


percentage volume isoprene the test sample was determined with the aid calibration curve, 


the percentage weight being found calculation according the formula: where the con- 
tent isoprene percentage volume found, the weight the aliquot the hydrocarbon mixture 


taken 
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0.2 
37.5 0.7 
47.8 0.9 
34.4 0.5 
50.1 1.4 
59.2 0.0 
27.7 


Results analyses synthetic mixtures with various ratios the components are given Table 
SUMMARY 


check has been carried out three analytical methods (Rosenmund, Gal‘pern, and for the 
determination the total amount unsaturated hydrocarbons synthetic mixtures and 
the 


has been shown that under the conditions used these methods, one molecule 2-methylbutene-1 
and isoprene combined with more than one molecule bromine. 


has been established that, depending the qualitative and quantitative composition the mixtures 
tested, the accuracy determination total unsaturated hydrocarbons the Rosenmund and method, 


Correction factors are suggested which permit determinations out with accuracy 
absolute, for both the total percentage unsaturated hydrocarbons and for the total content 
mixtures isopentane with the three isoamylenes and 


has been shown that the Virabiants method not suitable for the analysis the mixtures indicated. 


LITERATURE CITED 


Section, 


[2] Dalin, and Mamedov, Trans. Inst. the Acad. Sci, Azerbaidzhan 
SSR, 15, 106 (1956). 


[3] Rosenmund and co-workers, Nahr. Genussm. 46, 56, 1262, 2042 (1923); 
19, 1353 (1925). 


[4] Kaufman, “Studies the Chemistry Fats, Industry Press, Moscow-Leningrad, 1937, 18. 
Trans. Petroleum Inst. Acad. Sci. USSR, Izd. SSSR,Moscow, 1954, 116, 140. 


[6] Virabiants and Mesheriakov, Trans. Inst. Grozny Pet. “Chemical Composition Petroleum 
and Petroleum Gostekhizdat, Moscow-Leningrad, 1931, 


Polgar and Jungnickel, Organic Analysis, New York-London, 1956, 234. 
[8] Petrov, Chemistry and Technology (1956). 
[9] Petrov, Gen. Chem. 23, 1896 (1953).° 

Tishchenko, Gen. Chem. 1116 (1936). 

[11] Russ. Phys. Chem. Soc. 30, (1898). 

[12] Bergman, Russ. Phys. Chem. Soc. 52, (1920). 


Pumam, Moss and Hall, Ind. Eng. Chem., Anal. Ed. 18, 628 (1946). 

Robey and Wiese, Anal. 20, 931 (1948). 


Timofeeva, Kleimenova, and Dobrynina, Bull. Acad. Sci. USSR, Section, 
122 


[19] “Syntheses Organic IL, Moscow, 1953, 
Received April 1957 
Original Russian pagination. See Translation. 


Russian. 
Russian translation. 


NEW METHOD FOR THE QUANTITATIVE DETERMINATION REDUCING 
SUGARS WOOD HYDROLYZATES AND SULFITE LIQUORS PAPER 
CHROMATOGRAPHY 


All-Union Scientific Research Institute the Hydrolysis and Sulfite-Alcohol Industry, Leningrad 


During the investigation the composition wood hydrolyzates and sulfite liquors, their sugar 
estimated the basis the total reducing materials present. This determination always gives high results, since 
the reducing materials present the wood and sulfite liquors are mixture reducing sugars (glu- 
cose, mannose, galactose, fructose, xylose, arabinose, rhamnose, etc.) and reducing materials which are not sugars 
(furfural, uronic acid, order improve the technology the production alcohol and nutrient yeast 

fermentation ard sulfite-alcohol factories, essential position determine each sugar separately 
the production liquors, the various stages the technological process. 


Most the methods published for the separation sugars paper chromatography per- 
mit separation mixtures sugars consisting only 3-4 components, accordingly, they are not applicabie 
the analysis wood hydrolyzates and sulfite liquors, which necessary separate 7-10 materials with si- 
milar values. 


For separating sugars wood hydrolyzates and sulfite liquors [2] means one- and dimensional 
paper chromatography, some research workers take days. 


has been suggested that the amounts the various sugars the chromatogram determined either 
methods based measurement the area and intensity the colored spots after development [3, various 
micro methods after extraction the sugars from the chromatogram [5-9]. 


The use such methods often requires expensive reagents and they frequently not yield results 
sufficient accuracy, and take lot time. 


have developed method for the separation sugars wood hydrolyzates and sulfite liquors one- 
dimensional paper chromatogram, and also method for the quantitative determination the sugar extracted from 
the chromatogram. Separation all the sugars the hydrolyzates takes 2-3 days. Determination the sugar 
extracted from the chromatogram, within the limits can carried out minutes with 
accuracy 


Experimental Procedure 


Separation the sugars realized descending chromatogram, with continuous removal the solvent 
passing through the paper (Fig. 1). Contact between the bottom end the chromatogram and the neck small 
flask (serving receiver) creates the conditions for the continuous, uniform movement the solvent during 
time the chromatogram allowed run, which essential for separation the 


The solvent used the upper layer obtained from mixture ethyl acetate, pyridine, and water 5). 
Chromatograms are run simultaneously 12-14 paper strips under glass cover. Aliquots the test 
hydrolyzate sulfite liquor are placed (or 12) these strips, the 13th strip sample the 
same test solution which glucose has been added placed, while the strip (or strip), some more 


the same test solution which xylose has been added applied. These last strips act indicators. 


Exact measurement and application test solution carried out means the micro-pipet shown Fig. 
The top end the pipet connected rubber bulb, which fitted into metal case. 
fitted into the wall the metal case for regulating the filling and emptying the liquid from the pipet. The 
scale division the micro-pipet 0.001 


>, 

OO 


OO 


OO 
OOO 


Fig. Pipets 
case; rubber bulb; 


Fig. Paper chromatographic 


separation metal ball; micro- 
solvent; paper strips; screw; cover the 
glass cover, thread; micro-pipet. 


The paper strips are fitted perpendicular position after the drops test solution have been applied 
them. The top end which the test sample applied immersed the solvent that the spot made the 
sample not less than from the solvent surface. The lower end the strip placed the neck the flask 
that its edge firmly pressed the wall. The chromatograms are run temperature 


TABLE After the chromatograms have been run for hours, 
five the test strips are removed well the twelfth 
Values for Various Sugars Solvent strip acting The chromatograms are then 
Consisting Ethyl Acetate -Pyridine-Water dried and then one test strip developed together with 


The developer solution 1.66 phthalic acid 
and 0.92 freshly prepared aniline 109 ethanol. 
The dried chromatograms aré moistened uniformly and then 
allowed dry slightly air, subsequently they are kept 


Galactose 


Fructose 0.23 Rhamnose and xylose are separated after 
Arabinose 0.25 hours, acccrdingly, the amounts these sugars are 
Xylose 0.33 determined the strips (the ones) the 
0.47 method described below. 


After the chromatograms have been run for hours, the remaining strips are removed and dried 
air remove solvent. One test strip indicator strip are developed. separation has not proceeded far 
enough, indicated the chromatograms developed, they are run for further few 


the nature the sugars separated the paper chromatograms, the color and position the 
spots and the indicator strips are used guides. development with aniline phthalate, pentoses give colors 
ranging from rose dark-red, depending the amount the sugars; hexoses give brownish green color; 
gives brown color. 


The relative positions the spots are assessed the basis the values the sugars. Table contains 


the values the these were determined means solvent consisting ethyl acetate, pyridine, and 
water 
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Extraction the Sugars from the Chromatograms 


After chromatograms have been obtained, which the necessary separation the sugars has been achieved, 
(this assessed from the developed are completely dried air and cut into parts, each 
which contains the sugar determined. Sometimes, the arrangement the sugars different chromatograms 
from the same series not the same, accordingly, when cutting the undeveloped chromatograms 
into separate parts, each which should only contain one sugar, not enough rely the indicator strip alone. 


order make sure that the requisite part the 


chromatogram with only one sugar being cut out, 
necessary develop that part the chromatogram 

indication, the position the material which being 


studied can established with complete accuracy. 


Extraction the sugars from the chromatograms 
carried out way similar that used for running the 
chromatograms. Distilled water used the solvent. 


The piece the chromatogram cut out stuck means 
water piece filter paper and cover glass 

shown Fig. The solution extracted sugar 
collected ebulliostat, which the sugar subse- 
quently determined quantitatively described below. 
When the amount extracted sugar small cm) 
sufficient tocollect5-8 drops liquid, while the 


spot large, then the time extraction must increased 
and the amount liquid collected must increased proportionally. 


Fig. Extraction sugar from 
the chromatograms 

water; filter paper; 

chromatogram; cover 
galss; ebulliostat; glass 
jar. 


After the sugar has been extracted, the piece the chromatogram dried and developed order check 
that all the sugar has been extracted the water. 


Quantitative Determination the Sugars Extracted from the Chromatograms 


The micro-method used for determining the sugars extracted from the chromatograms modification 
the ebulliostatic method developed Nizovkin and The basis this method the direct 
titration hot copper-alkali solution with the sugar solution. order avoid the effect atmospheric oxygen 
oxidation the sugars the copper-alkali solution, the analysis carried out special vessel ebullio- 
stat. The titration end point determined the basis the value the oxidation reduction potential 
platinum electrode immersed the reactants. 


The copper-alkali solution made from equal volumes two the first solution contains liter 
CuSO, while the second contains potassium sodium tartrate, liter sodium hydroxide, 
and 0.08 liter potassium 


The setup used for determining the sugars shown Fig. The reaction 
wide test tube inside which fused glass tube for leading above this side opening for the steam 
pass out. The ebulliostat supported cork flask containing boiling water. The opening the top 
the ebulliostat sealed, during the time the analysis, with stopper into which are fitted platinum electrode, 
one end electrolytic switch, and the tip micro-buret with capacity and scale divisions 
0.001 mm. The other end the electrolytic switch connected lead chloride-amalgam electrode, which 
serves the reference electrode. chloride-amalgam electrode consists platinum disc immersed 
%lead amalgam, which covered with saturated solution lead chloride which potassium chloride 
has been added. The potential this electrode should 440-450 millivolts with respect the saturated 
electrode. The electrodes are connected galvanometer. 


Titration carried out follows. The sugar extracted into the ebulliostat from the chromatogram, 
the first and second solutions then added, the exact amount being measured out means dosimeter 
(Fig. 5). The ebulliostat and reaction liquid are placed the flask containing boiling water, and then sealed 
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with the stopper into which the platinum electrode and electrolytic switch have been fitted beforehand. The 
tip the micro-buret fitted into the free opening the stopper, the micro buret being filled with sugar so- 
lution known (about 0.02 %). After minutes (hourglass) boiling, titration started, the sugar 
solution being added from the micro-buret the rate 0.005 ml/ second, until the galvanometer needle turns 
The buret tip then removed from the stopper and the number sugar solution used for the titration 
established. 


Fig. sugar potentiometric ebullio- Fig. Dosimeter, 
static methods 


micro-buret; ebulliostat; platinum electrode; 
electrolytic switch; lead chloride-amalgam elec- 
trode; galvanometer; screw clip. 


Blank Test 


Before actual analysis test material, blank carried out, which the amount sugar solution® 
used for titrating solution which the amount sugar extracted from chromatogram zero. the same 
time, the concentration this solution sugar calculated means the following T/V mg/ ml, 


where the arbitrary titer the copper-alkali solution; the amount milliliters sugar solution used 
for titration. 


The Arbitrary Titer 


The arbitrary titer the copper-alkali solution that amount sugar used for reducing known volume 
copper-aikali solution one concentration another. Since the reducing capacity various sugars differs, the 
titer the copper-alkali soltuion should established calculated for each test sugar. For example, while the 


The most accurate analytical results are obtained when the sugar taken for analysis used the 
titration. 
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titer for glucose 100, for galactose 107, while for arabinose 94.7, and for xylose 100, etc. 


For the analysis various amounts sugars, necessary use copper-alkali solutions containing different 
amounts copper and potassium ferrocyanide. When the amount sugar extracted from chromatogram not 
greater than 300 the first solution containing liter CuSO, and the second so- 
lution containing 0.4 liter potassium ferrocyanide, liter potassium sodium tartrate,and liter 
sodium hydroxide, are used. When the amount test sugar extracted from the chromatogram amounts not more 
than 600 yg, the first solution used this instance contains g/liter 5H,O, while the potassium ferro- 
cyanide concentration the second solution alone increased 0.8 liter. 


When necessary determine larger amounts sugar, more concentrated solutions cupric sulfate and 
potassium ferrocyanide must used. The amount cupric sulfate the first solution can increasedto 0.8 
when this amount used, 2500 sugar can determined. 


Calculation 


The sugar concentration the test solution (hydrolyzate, sulfite liquor, etc.) calculated means the 
following 


where the amount milligrams sugar used for reducing the copper-alkali solution taken for the analysis 
(the arbitrary titer); the sugar concentration the solution used for titration, mixrograms/ ml; the 
amount milliliters the sugar solution used for titration; the number milliliters test solution taken 
for running the chromatograms; the conversion factor from micrograms 


Results Determinations Carried out Means the New Method 


Synthetic mixtures pure sugars, samples sulfite liquors were analyzed the 
method described above. 


Figs. and are shown chromatograms obtained after various times running the 
Table contains results obtained during analysis chromatograms (mean three determinations). 


TABLE 
Results Sugar Determinations 


Found, 


Xylose 
Sample tose nose 


Synthetic mixture 
Hydrolyzate 355 
Hydrolyzate 469 
Sulfite liquor 219 
Sulfite liquor 180 


The amount recuding materials the hydrolyzates, sulfite iiquors, and synthetic mixtures taken coincides 
with the total amount the individual sugars and other reducing 


SUMMARY 


new method has been developed for separating sugars one-dimensional paper chromatography. This 
method permits separation the reducing materials wood hydrolyzates and sulfite liquors. 


i 
reducing Total 
materials 
353 
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Fig. Chromatograms for synthetic mixture six sugars various stages during running the chro- 


Fig. Chromatograms for wood hydrolyzate various stages during running the 
thamnose; xylose; arabinose; mannose; glucose; galactose. 


Fig. Chromatograms for sulfite liquor after running the chromatograms for 
xylose; arabinose; mannose; glucose; galactose. 


micro-method has been developed for the quantitative determination sugar which have been separated 


means paper chromatography; 2,500 sugar can determined this method with accuracy 


Fig. 
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BRIEF COMMUNICATIONS 


QUANTITATIVE DETERMINATION EUSINTOMYCIN 


Moscow Chemico-Pharmaceutical Works 


Eusintomycin the stearate racemic so- 
called sintomycin; obtained the action technical stearylchloride containing free stearic acid, thionyl 
chloride, hydrochloric acid, and elemental sulfur impurities [1] solution sintomycin mixture di- 
chloroethane and pyridine. Despite subsequent careful purification the technical eusintomycin, small amounts 
mineral chlorides, elemental sulfur, and uncombined stearic acid get into the pharmacopeia product, the amounts 
these impurities are determined methods outlined the specifications governing production this pre- 


Two methods have been suggested for the determination the amount eusintomycin 
one them consists determining free and combined stearic acid and calculating the difference 
eusintomycin; the second method eusintomycin determined first reducing its nitro group (zinc hydro- 
acid), with subsequent diazotization the product formed and calculating the amount 
the basis the amount sodium nitrite used. 


Since both the methods just mentioned are complicated, and time carry out, have developed 
another method for the quantitative determination eusintomycin pharmacopeia preparations. consists the 
following. 


First, the eusintomycin extracted several times with water and the chloride ion determined the Volhard 
method the extract [2]; next the eusintomycin reduced with alloy alcohoiic alkali 
The organically combined chlorine thereby converted into the metal chloride, and this determined to- 
gether with the ionic chloride already present the eusintomycin the Volhard method. The difference between 
chloride and the chloride determined aqueous gives the content the eusintomycin, 
that from this difference possible calculate the percentage content eusintomycin. The amount im- 
purities pharmacopeia eusintomycin determined the usual methods, descriptions which have already been 
given the Departmental technical specifications mentioned above. 


While developing this method found that the stearic acid contained the reduction products 
mycin interferes the titration, since surface-active material capable forming stable suspensions silver 
chloride and thiocyanate. order avoid errors during titration result the presence stearic acid, 
added chloroform. The latter rapidly coagulates the silver salts mentioned, that the solution being titrated cla- 
rifies, and titration facilitated. also noticed that the colored reduction products eusintomycin interfere 
with titration. Todestroy these materials added hydrogen peroxide the reaction solution, while for destroying 
excess peroxide added ferrous sulfate. 


Experimental results showed that reduction eusintomycin alloy quantitative, and that de- 
viations parallel tests not exceed special experiments established that order effect com- 


VTU (Departmental technical specifications) 1955, USSR Ministry Health. 
Archives, Ordzhonikidze Scientific Research Chem. Inst. 


< 


plete reduction, necessary use parts weight alloy toone part weight 
for reaction time minutes. 


The method which have developed for the quantitative determination differs from the 
previous methods, that while being simple and requiring for execution still gives results which 
are accurate enough warrant successful use for controlling production 


Determination Chloride Ions Eusintomycin (Expressed terms Hydrochloric Acid). About 2-3 
ground eusintomycin (weighed accurately) placed 100 flask, and ice water added, the whole 
shaken for minute and then filtered. The same procedure further three times. The combined 
wash liquors are placed conical flask and acidified with nitric acid;the chloride are then determined 
titration with 0.1 ammonium thiocyanate ammonium alum). blank carried 


Determination Percentage Content About 0.25 carefully ground eusintomycin (weighed 
accurately) placed 250-300 flask, and dissolved alcohol shaking warm water bath; 
aqueous sodium hydroxide solution added the contents the flask pouring through the condenser. 
adding the turbulent reaction sets in, the reaction mixture cooled. 


When the turbulent reaction has ceased, the mixture boiled over small flame for minutes. 10-15 
butanol isobutanol added through the condenser avoid foaming the flask. The solution obtained 
cooled and fittered while warm through plug cotton wool into 500-700 flask. The reaction flask 
and plug are washed with hot water until negative reaction for chloride obtained (test with silver nitrate) and 
the washings gathered with the main filtrate. 10-15 hydrogen peroxide added the filtered solution, 
and the whole minutes. After boiling the solution cooled again and chloroform added, this 
followed nitric acid until the precipitate has dissclved 325 0.1 silver nitrate, ferrous sulfate 
are then added and the mixture heated carefully for minutes hot water bath. cooling, the solution 
titrated with 0.1 ammonium thiocyanate ammonium alum); ammonium thiccyanate 


blank carried out parallel. 


SUMMA 


new, convenient method for the quantitative determination eusintomycin 
products, which suitable for production conirol. 
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DISTILLATION METHOD FOR DETERMINING THE MOLECULAR WEIGHT 
ORGANIC COMPOUNDS 


Lvov Polytechnical Institute 


The principle the distillation method determining molecular weights may outlined follows. So- 
lutions small amounts test material and standard compound the same solvent are kept vacuum to- 
gether with pure solvent constant all the solvent has evaporated and equilibrium has been 
reached the system. Since the vapor pressure the solutions will lessthan the vapor pressure the pure 
solvent, then, after certain time, the solvent will have evaporated completely, while the solutions will have 
been diluted, result condensation solvent, such extent that their vapor pressures will 
When equilibrium has been attained the system, the solutions will have equal molar concentrations. Having 
determined the amount solvent the equimolar solutions, and knowing the molecular weight the standard 
compound, possible calculate the molecular weight the test compound. 


The principle this method determining mole- 
cular weights was first used Barger how- 
ever, because the complexity the apparatus sug- 
gested, this method has not found wide application. Some 
improvements have been suggested Rast 1921, 
and Berl 1930 [3]. Signer [4] suggested more simple 
apparatus for determining molecular weights. 
apparatus consists two glass bulbs connected wide 
U-shaped tube; calibrated tube fused each bulb 
for measuring the volume, and each bulb fitted with 
side tube for filling it. aliquot standard com- 
pound with known molecular weight introduced into 
one tube (for reference), while into the other bulb 
aliquot test the aliquots are then 
dissolved small amount volatile solvent, vacuum 
set the system which then sealed and placed 
thermostat for few days temperature about 50°. turning the the solutions can 
ferred into the calibrated tubes for measuring their volumes. The experiment continued until complete equilibrium 
has been reached, until the volumes become constant. Having determined the equilibrium volumes, the mo- 
lecular weight can calculated. When such apparatus used, possible get good results even for high 
molecular weight materials (molecular weights about 8000). The drawback this method, however, the long 
time taken carry out determination (often more than week). Further developments this method have been 
aimed improving the apparatus and cutting down the time required 6). 


Apparatus for determining mole- 
cular weight. 


1954, Childs introduced additional containing pure solvent order speed attainment 
equilibrium. When th‘s was done, results with accuracy were obtained three days. 


Experiments which have carried out confirm the results obtained Childs, However, when ne- 
cessary determine the molecular weight series compounds, the work takes long time. decided 
therefore, while still using the same principle, prepare apparatus means which should possible 


cairy out simultaneous determination the molecular weight several materials. Instead measuring the 
volume the equimolar solutions, which would require very complicated apparatus, decided weigh the 
equimolar solutions. For purpose, constructed the apparatus shown the diagram; consists wide 
necked cup which sealed with closely fitting ground glass stopper, the latter ending gas-outlet tube with 
atap. 7-8 small test mbes with ground glass stoppers are placed the cup. Test tubes and stoppers are 


Determinations are carried out introducing aliquot standard material into one the test tubes, 
while aliquots test materials are placed the others; the weights the aliquots are 10-30 mg. The weights 
the aliquots taken are approximately proportional the molecular weights. The test tubes with their various 
aliquots test materials are placed the vessel without inserting their stoppers and 0.2-0.3 acetone pipetted 
into each them, 3-4 acetone placed the floor the vessel. The cup then stoppered and the air 
evacuated from the vessel through the gas-outlet tube until the acetone the bottom the cup starts 
The tap closed and rubber cap fitted onto the gas-outlet tube, while rubber ring fitted around the edge 
the ground glass joint; the apparatus then placed thermostat 40°, The apparatus kept this temperature 
until all the solvent has evaporated from the floor the cup (about three days). The apparatus then removed 
from the thermostat and the tap carefully opened that the inrush air does not destroy the equilibrium the 
solutions, the test tubes are removed and rapidly stoppered, using forceps with rubber tips for this purpose. Since 
this operation takes 15-20 seconds, and the tubes are atmosphere saturated with solvent vapor, the evaporation 
rate insignificant, and the equilibrium not result nonuniform evaporation the solvent 
from the various solutions. The stoppered test tubes are weighed, the weights the test tube plus aliquots are sub- 
tracted, and the weight solvent each tube calculated. 


The molecular weight calculated means the formula 


where the molecular weight the test compound; the molecular weight the standard material; 
and are the aliquots test and standard respectively; and the weights the solvent each 
case. 


The ratio magnitude which the inverse the molar concentration the standard material, 


which remains constant for given experiment. Consequently, the molecular weight can simpli- 
fied making use the formula 


Results for two parallel determinations the molecular weight, using benzoic acid the standard, are given 
the Table; they show good agreement between each other; the error does not exceed 


Molecular Molecular weight 

the sample determined, using 
benzoic acid 
the standard 


Test sampe 


Resorcinol 


Phenolphthalein 


Other volatile solvents can used instead acetone for molecular weight determination this method. 
increasing the size the apparatus, possible increase the number test samples for molecular weight 
determination. 
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Error, 
108 106 1.8 
110 107 2.7 
113 
135 130 3.7 
318 241 3.6 
251 0.4 
328 3.1 


SUMMARY 


apparatus and method are suggested for the simultaneous determination molecular weight 
series organic compounds, based the principle distillation. 


The method gives results with good reproducibility; the experimental error does not exceed 
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ANNOUNCE MENT 


The Commission Analytical Chemistry the Institute Geochemistry and Analytical 
Chemistry, Acad. Sci. USSR intends call conference Moscow June 1958, the analysis gases metals. 


intended that reports the following questions read and discussed this conferences 
The effect gases metal properties. 


The physicochemical bases modern methods determining gases metals (diagrams state for the 
most important gas-analytical systems, the form which the gases are found the metals, adsorption and ab- 
sorption, diffusion, thermodynamics solution, and removal gases from metals). 


Determination gases metals (methods: vacuum fusion, chemical, reduction and oxidation, spectro- 
radioactivation, isotopic dilution, phase analysis; express methods and technological samples). 


Unification methods for gases metals and preparation standard samples. 


The Commission invites workers scientific research institutes, higher educational establishments, and 


New apparatus for determination gases 
factory laboratories participate. 


Subjects reports tobe read and annotated reports (4-5 typewritten shects), well application for tickets 
should sent the Organizing Committee before 1958 (Moscow, B-49, 3085). 


The exact date the conference will announced later. 


Organizing Committee 


new indicator for the complexonometric determination cal- 
cium, has been synthesized the All-Union Scientific Research Institute Chemical Reagents 
(IREA); this indicator superior murexide with respect the stability its solution, color 
change contrast with calcium, and simplicity use; new reagent 
IREA™ has also been synthesized for the photometric and complexonometric determination 
lead. This reagent, sensitive and selective dithizone and simpler use. 


Anyone wishing test these new reagents may obtain free sample, with instructions for 
use, applying the institute Chemical Reagents (Moscow, Zh-33, Samokatnaia 4a). 


These reagents are not, present, being produced factory scale; order therefore 
help the Institute decide whether worthwhile toproduce these reagents large scale, 
requested that all those interested should send their requrests for these reagents the Insti- 
tute within two months. 


The Institute will advise all questions relating the use Caltsion IREA and 
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lack standard source reference for translations 
Soviet scientific information, and have led the inaugu- 


What are the 
particular field? 


this information 


HIS HANDY MONTHLY GUIDE, available annual subscription basis, specifically 


Soviet 
Science and 


designed furnish Western scientists with Engiish translations the contents 
current Soviet journals being translated, cover cover, continuing basis Con- 


sultants Bureau, other firms and learned societies. 


HROUGH SPECIAL ARRANGEMENT with the editors these Soviet publica- 


tions, expedited copies the contents are made available, translation, 
within two months after their release Russia. Thus, each subscriber 
constantly aware the information available for translation his 


specific field scientific endeavor. 


The format SST one which permits the reader 
instant access all pertinent information: 


Estimated date publication English (when 
information available from publisher) 


Name and address organization from which 
translation available. 


Yearly subscription prices 


Price individual papers, issues (when sold 
separately) 


special section devoted exclusively edito- 
rial material the most up-to-date translating 
techniques 


The worldwide acceptance SST its few short 
months existence (first issue published May, 
1958), has proved the urgent need for just such 
service. And with the constant addition new 
Russian journais-in-translation, each subscriber 
assured continuous, comprehensive and accurate 
information the availability the latest ad- 
vances SoviET SCIENCE AND TECHNOLOGY. 
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ANNUAL SUBSCRIPTION 


(includes issues per year, which cover 
oll calendar yeor issues the original 
Russian journals) 


$25.00 per copy 
10-100 copies.......... per copy 
100-500 copies.......... 15.00 per copy 


500 copies and over...... 11.50 per copy 
(500 copies includes, free charge, 
own special organizational 


AVAILABLE FOR 
LIMITED TIME 


volume containing the contents for all 
1957 issues these journals, with the same 
Write Consultants for free bre- 


chure SST, and comprehensive catalogs 
ing 


